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Abstract. We present new observations of 470 stars using the Fibre Large Array Multi-Element Spectrograph (FLAMES) 
instrument in fields centered on the clusters NGC 330 and NGC 346 in the Small Magellanic Cloud (SMC), and NGC 2004 and 
the Nl 1 region in the Large Magellanic Cloud (LMC). A further 14 stars were observed in the Nil and NGC 330 fields using 
the Ultraviolet and Visual Echelle Spectrograph (UVES) for a separate programme. Spectral classifications and stellar radial 
velocities are given for each target, with careful attention to checks for binarity. In particular, we have investigated previously 
unexplored regions around the central LH9/LHI0 complex of Nil, finding ~25 new 0-type stars from our spectroscopy. We 
have observed a relatively large number of Be-type stars that display permitted Fe ll emission lines. These are primarily not in 
the cluster cores and appear to be associated with classical Be-type stars, rather than pre main-sequence objects. The presence 
of the Fe ll emission, as compared to the equivalent width of Ha, is not obviously dependent on metallicity. We have also 
explored the relative fraction of Be- to normal B-type stars in the field-regions near to NGC 330 and NGC 2004, finding no 
strong evidence of a trend with metallicity when compared to Galactic results. A consequence of service observations is that 
we have reasonable time-sampling in three of our FLAMES fields. We find lower limits to the binary fraction of O- and early 
B-type stars of 23 to 36%. One of our targets (NGC 346-013) is especially interesting with a massive, apparently hotter, less 
luminous secondary component. 
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1. Introduction 

As part of a European Southern Observatory (ESO) Large 
Programme we have completed a new spectroscopic survey of 
massive stars in fields centered on open clusters in the Large 
and Small Magellanic Clouds (LMC and SMC respectively) 
and the Galaxy. The survey has employed the Fibre Large 
Array Multi-Element Spectrograph (FLAMES) instrument at 
the Very Large Telescope (VLT), that provides high-resolution 
(R ^20,000) multi-object spectroscopy over a 25' diameter 
field-of-view. The scientific motivations for the survey, and 
the observational information for the three Galactic clusters 
(NGC 3293 NGC 4755, and NGC 66 11), were presented by 
Evans et al.l ( |2005[ hereafter Paper I). 

In this paper we present the FLAMES observations in the 
Magellanic Clouds. The material presented is largely a discus- 
sion of the spectral classifications and radial velocities of each 
star, and provides a consistent and thorough overview of what is 



a particularly large dataset. In parallel to this catalogue, subsets 
of the sample are now being analysed by different groups. The 
sources of photometry and astrometry used for target selection 
are given in Section |2l followed by details of the observations 
in Section [3j and then a discussion of the observed sample. 

Two FLAMES pointings were observed in each of the 
Clouds, centered on NGC 346 and N GC 330 in the SMC, 
and on NGC 2004 and the Nil region (lHenizelll956l) in the 
LMC. NGC 346 is a young cluster wi th an ag e in the range 
of 1 to 3x10^ yrs (lKudritzkiet al.lll989i: .Walborn"etal.ll2000l: 
Bouret et al]|2003l: iMassev et al.ll2005h . that has clearly under- 
gone prodigious star formation. It is also the largest H II re- 
gion in the SMC. The best so urce of spectroscopic informa- 



tion in NGC 346 is the study bv lMassev et al. (Il989l hereafter 
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MPG), who found as many O-type stars in the cluster as were 
known in the rest of the SMC at that time. High-resolution op- 
tical spec tra of five of the O-ty pe stars from MPG were pre- 
sented by lWalbornetalJ feOOO', together with AzV 220 that is 
als o within the FLAM ES field-of-view). These were analysed 
by lBouret et al.l (l2003h . in conjunction with ultraviolet data, to 
derive physical parameters. 

Nl 1 is also a relatively young region and includes the OB 
associations LH9, LHIO and LH13 (,Lucke & Hodge., 197Q) . 
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that are of interest in t h e cont e xt of sequent i al star -formation 



see 



, ^ ^ Walborn & Parkeil (Il992h . IParker et al.l (1 19921 hereafter 
P92). and 'Barba et all toOS V P92 illustrated how rich the re- 



gion is in terms of massive stars, presenting observations of 43 
O-type stars in LH9 and LHIO, with three 03-t ype stars found 



in LH IO. These 03 stars were considered by IWalborn et al 



(120021) in their extension of the MK classification scheme to 
include the new 02 subtype, with one of the stars from P92 re- 
classified as 02-type. The FLAMES observations in Nil pre- 
sented an opportunity to obtain good-quality spectroscopy of a 
large number of known O-type stars, whilst also exploring the 
spectral content of this highly-structured and dynamic region. 

NGC330 and NGC2004 are older, more centrally con- 
densed clusters. NGC 330 in par ticular has be en the focus of 
much attention in recent years. iFeastI (119721) presented Ha 
spectroscopy of 18 stars in the cluster, and noted: 'It is also 
an object of considerable importance in discussion of possi- 
ble differences between stars of the same age in the SMC 
and in the Galaxy'. The community has clearly taken his 
words to heart - in the past 15 years there have been nu- 
merous studies in the cluster, most of which were concerned 
with the large population of Be -type stars therein, namel y 



Grebel et 



19921). 

Mazzali et al.'7l996' 
(1999), Maederet_al 



Be-t^i 

Lennon etaD(fl9 93). Grebel et al 
(1998) 



d 19961) 



Keller & Bessell 
(1999), and Lennon etal. 



Kelle r et al 
(2003). The 



paper from these w ith the widest implications is that from 



Maeder et al. (11999^. who compared the fraction of Be stars 
(relative to all B-type stars) in a total of 21 clusters in the 
SMC, LMC and the Galaxy. The fraction of Be stars appears to 
increase with decreasing metallicity, although their study was 
Um ited to only on e cluster (NGC 330) in the SMC. This trend 
led iMaeder et alJ to advance the possibility of faster rotation 
rates at lower metallicities - one of the key scientific motiva- 
tions that prompted this FLAMES survey. 

In contrast to NGC 330, with th e exception of abundanc e 



analyses of a few B-type stars by iKorn et al.l (120021 120051) . 



relatively little was known about the spectr oscopic content 
of NG C 2004 until recently. A new survey by iMartavan et al 



(l2006 l). also with FLAMES, has observed part of the field pop- 
ulation near NGC 2004 using the lower-resolution mode of the 
Giraffe spectro graph (and with a different field-centre to ours). 
Martayan et a l. concluded that the Be-fraction in their LMC 
field is not significantly different to that seen in the Galaxy. 

The FLAMES observations for the current survey were ob- 
tained in service mode and so span a wide range of observa- 
tional epochs, giving reasonable time-sampling for the detec- 
tion of binaries. There are surprisingly few multi-epoch, multi- 
object spectroscopic studies of stellar clusters in the literature 
in this respect, with one such study in 30 Doradus summarized 
bv iBertrand et al. (11998 "). Placing a lower limit on the binary 
fraction in dense star-forming regions such as NGC 346 and 
Nil, combined with stellar rotation rates, will help to provide 
useful constraints in the context of star formation and the initial 
mass function. 



2. Target selection 

2.1. SMC photometry 

The adopted photometry and astrometry for the targets in 
NGC 346 and NGC 330 is that from the initial ESQ Imagi ng 
Survey (EIS) pre-FLAMES release bv lMomanv et al.1 (1200 lb . 



2.2. N11 photometry 

The Nil region was not covered by the EIS pre-FLAMES 
Survey and so we obtained 60s B and V images with the 
Wide Field Imager (WFI) at the 2.2-m Max Planck Gesellschaft 
(MPG)/ESO telescope, on 2003 April 04. These were pro- 
cessed by Dr M. Irwin using a modified version of the Isaac 
Newton Telesco pe-Wide Field Came ra (INT-WFC) data re- 
duction pipeline (llrwin & Lewisll200lh . we then calibrated the 
photometry to the Johnson-Cousins system using results from 
P92. 

As in Paper I, for photometric calibration we prefer to vi- 
sually match stars using published finding charts. In crowded 
regions such as those in our FLAMES fields this ensures ac- 
curate cross-identification. Cross-referencing the finding charts 
of P92 with the WFI images yielded matches of 41 stars (for 
which both B and V WFI photometry were available), with 
relatively sparse sampling in terms of {B — V). To increase 
the number of cross-matched stars an astrometric search was 
performed between the WFI sources and the full P92 catalogue 
(available on-line at the Centre de Donnees astronomiques de 
Strasbourg). The mean (absolute) offsets found between the 
WFI and P92 astrometry (for the 41 stars with visual matches), 
were < \AS\ >^ 0.4" and < | Aa| >^ 0.06''; these were used 
to then expand the sample to 60 stars, with V < 17.0. The V 
and B colour terms found for the WFI data in Nl 1 are shown in 
Figures [T] and |2] and the transformation equations found were: 



Vj = Wfi - 0.07 x{B- V)j - 0.34, 
B.J = BwFi + 0.26 X {B - F)j - 0.12. 



(1) 



(2) 



After transformation we find mean (absolute) differences of 
~0.05'°, with a -0.05'" for both V and (B-V). In the centre 
of LH 10, in which there is significant nebular emission, the 
INT-WFC pipeline detected some of the sources as 'noise-like' 
and did not yield sensible results; for these 1 1 stars (marked 
with a * in Table|6]l the photometry here is that from P92. Their 
photometry is also included in the Table for Nl 1-105 which 
was in the gap between CCDs in the WFI F-band image. 

2.3. NGC 2004 photometry 

NGC 2004 was observed in two of the EIS pre-FLAMES fields, 
LMC 33 and 34. At the time of the FLAMES observations a full 
EIS data release was not available for these fields, so the raw 
images were acquired from the ESO archive and reduced using 
the INT-WFC pipeUne (also by Dr. M. Irwin). 

CCD photornetry in NG C 2004 has been publi s hed by 
Bencivenni et al. ( 1991 ) and Balona & Jerzykiewicd ( 1993 ). 
The former study is calibrated to the photographic work of 
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Fig. 1. Co mparison of Vj — Vwfi with published colours in 
Nil fr om iParker et alj ( Il992h . and primarily from [Robertson 
(11974 for NGC 2004. 
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Fig. 2. Co mparison of i 3j — i 3wFi with published colours in 
Nil fr om Parker et al. ( 1992 ). and primarily from Robertsoiil 
(ll974|) for NGC 2004. 



RobertsonI (119741) . albeit with consideration of two of the 



photoelectric standards from Mc Gregor & Hylandl (119841) . The 
study by Balona & Jerzykiewicz' is independent of previously 
published photometry in the cluster, however the 'finding 
charts' and format of the catalogue (in terms of pixel positions) 
are less than ideal for successfully recovering matched stars; 
without access to the raw frames, accurate cross-matching be- 
tween their photometry and our WFI images cannot be ensured. 
Instead we empl oy visual rn a tches of 48 stars from the identi- 
fication charts of Robertson ( 19741) to calibrate the WFI dat a, 
taking ph otoelectric resu lts from McGregor & Hvland ( 1984', 2 
stars) and lWalkerl (Il98'7[ 7 stars), w ith the data for the remain- 
ing 39 stars taken from iRobertsonl The V and B colour terms 
found for the NGC 2004 WFI data are also shown in Figures [T] 
and 12] and the transformation equations found were; 



Vwfi 

= i^WFI 



0.03 X (B - 
-0.29 X {B 



V)j- 



0.20, 
- 0.36. 



(3) 
(4) 



Whilst there is a relatively large scatter in {V3 ~ Vwfi), 
the colour term is very robust; the same result is found if only 
the photoelectic values are used or, similarly, if only the pho- 
tographic results are used. After transformation we find mean 
(absolute) differences of -0.06™, with a -0.04"^ for both V 
and {B -V). 

2.4. Selection effects 

Following similar methods to those in Paper I for target se- 
lection, the photometric data were used to create input cata- 
logues for the FLAMES Fibre Positioner Observation Support 
Software (FPOSS) that allocates the Medusa fibres in a given 
field. 

In Paper I we were perhaps too hasty with our descrip- 
tion of avoiding known Be-type stars. To recap, the observed 
samples in the three Galactic clusters from Paper I were rela- 
tively complete for blue stars in the FLAMES pointing, down 
to ~ V=13. In terms of the final samples no external selection 
effects were present with regard to Be-type stars, with only 12 
stars classified as Be and one as Ae-type, from a combined to- 
tal of 319 FLAMES and FEROS targets. It is worth noting that 
N GC 3293 and NGC 47 55 are two of the three clusters included 
by iMaeder et al. I (Il999h in their 'inner Galaxy' sample (with 
the lowest Be-fraction compared to normal B-type stars), i.e. 
both NGC 3293 and NGC 4755 have genuinely small numbers 
of Be-type stars. 

As mentioned in Paper I, one of our primary objectives con- 
cerns the process of nitrogen enrichment in OB-type stars and 
its correlation (or not) with rotational velocities. Spectroscopic 
analysis of Be stars is more involved (i.e. difficult!) than for 
'normal' B-type stars. Thus in our FPOSS input catalogue, 
in an attempt to ensure that we didn't observe a preponder- 
ance of Be stars in NGC 330, we excluded 15 stars classified 



1993 



as Be-type from previous spectroscopy dLennon et al 

[Keller & Bessell 1998). However, this isn't such a strong se- 
lection e ffect as it may s ound - all of the excluded stars are 
RobertsonI (Il974 ) survey and therefore are in (or near 



from the 

to) the main body of the cluster. Obviously the FLAMES sur- 
vey cannot be used to comment on the incidence of the Be- 
phenomenon in the cluster itself, but it could in principle offer 
constraints on the field population around the cluster With re- 
gard to the non-c lt ister p opulation, we also excluded 15 stars 
from lEvans et al.l ( 20041) that have emission in their Balmer 



lines. However, these are not necessarily Be-type^tars as the 
narrow emission in many of the stars from lEvans et al] is likely 
attributable to nebular origins (see discussion in their Section 
7). Given the high density of potential targets in the field, the 
exclusion of the stars from lEvans et al.l is very unlikely to bias 
the final sample. 

In NGC 2004. lKeller et alJ d 19991) reported 42 Be-type stars 
from their photometric study. However, due to the relative 
dearth of published spectroscopy in this field at the time of 
our observations, no potential targets were excluded when us- 
ing FPOSS for fibre configuration. Lastly, the only weight- 
ing in NGC 346 and Nil was to give higher priority of fibre- 
assignment to known OB-type stars from MPG and P92. 
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In summary, the only strong external bias in our observed 
targets was in the main body of NGC 330. A much stronger se- 
lection effect in both NGC 330 and NGC 2004 is that the sheer 
density of the cluster cores prevents Medusa fibres being placed 
so close together, with many stellar targets blended - in any 
one FLAMES pointing only a few stars near the centre could 
be observed with the Medusa fibres. Follow-up of these two 
clusters with integral field spectroscopy, such as that offered 
by FLAMES-ARGUS at the centre of the FLAMES field plate, 
is an obvious project to allow a comprehensive exploration of 
the cluster populations. However, the field populations of both 
NGC 330 and NGC 2004 should be a relatively unbiased sam- 
ple of the true population, subject to cluster membership issues 
and the faint magnitude cut-off of the FLAMES survey. These 
issues are discussed further in Section[ 



3. Observations and data reduction 

3.1. FLAM ES-Giraffe spectroscopy 

All of the FLAMES observations were obtained in service 
mode, with the majority acquired over a 6 month period from 
2003 July to 2004 January. The same high-resolution set- 
tings were used as for the Galactic observations, i.e. HR02 
(with a central wavelength of A3958 A), HR03 (A4124), HR04 
(A4297), HR05 (A4471), HR06 (A4656), and HR14 (A6515). 
The bulk of the observations in NGC 330 were obtained prior 
to installation of a new grating in 2003 October, so the spec- 
tral coverage and resolution of these data are identical to that 
of our Galactic observations (see Paper I). However, the obser- 
vations in NGC 346, NGC 2004 and Nil were taken with the 
new grating in place. The characteristics of the NGC 346 ob- 
servations are given in Table[T] In comparison to the older grat- 
ing the effective resolving power is decreased in some setups 
(in particular in the HR14 setting, yielding a coiTespondingly 
wider wavelength coverage), however the new grating is more 
efficient in terms of throughput. 

In addition to observations at 6 central wavelengths, each 
field was observed at each wavelength for 6 exposures of 
2275s. The repeat observations at each central wavelength were 
taken in batches of 3 exposures, each triplet forming an observ- 
ing block for the ESO service programme. The observational 
constraints on our programme were not particularly demanding 
(the required seeing was 1 .2" or better), but in some cases these 
conditions were not fully satisfied. Therefore, at some settings 
we have more than 6 observations, for instance the HR14 set- 
ting was observed 9 times in our NGC 346 field. Although the 
conditions may not have been ideal for every observing block, 
all the completed observations were reduced - in general the 
seeing was not greater than 1 .5" and the data are of reasonable 
quality. This is of particular relevance in terms of the radial 
velocity information contained in the spectra. The majority of 
the observations in NGC 330 were spread over a relatively short 
time (^10 days). Otherwise we have reasonable time coverage, 
e.g. the NGC 346 observations spanned almost 3 months so we 
are in an excellent position to detect both single and double- 
lined binaries. In AppendixlAlwe list the modified Julian dates 
(MJD) of each of the observations. 



The data were reduced using the Giraffe Base-Line 
Reducti on Software ( girBL DRS), full details of which are 
given by' Blecha et al. (2003). For consistency with our perfor- 
mance tests in Paper I, vl.lO of girBLDRS was used. More 
recent releases include the option to perform sky subtraction 
within the pipeline, but we prefer to employ the methods dis- 
cussed in Paper I. 

The final signal-to-noise is, of course, slightly variable be- 
tween the different wavelength regions for a given target de- 
pending on the exact conditions when the observations were 
taken. As a guide, the signal-to-noise of the reduced, coad- 
ded spectra is ^^200 for the brightest stars in each field, de- 
creasing to 110 in Nil (with the brightest faint cut-off), 75 
in NGC 2004, and 60 in NGC 346. Inspection of the reduced 
spectra in the NGC 330 field revealed particularly low signal- 
to-noise in the six HR03 observations. The Si II and Si IV lines 
that are important for quantitative analysis are included in this 
region, so the NGC 330 field was reobserved with the HR03 
setup on 2005 July 20 & 24. These more recent observations 
are included in Table IA!21 as HR03#07-12. The spectra were 
reduced using the same routines and software as the rest of the 
survey. 

The NGC 330 field features the faintest stars in the entire 
survey. Besides the problems with the initial HR03 observa- 
tions, the signal-to-noise ratio of the fainter stars in this field 
(even in the co-added spectra) decreases to ^^35-40 per un- 
binned pixel (at V — 16) and down to 25-30 for the very 
faintest stars. Binning of the data helps to some degree, but it 
is clear that detailed analysis of individual stars (such as those 
presented by Hunter et al., submitted) will not be feasible for 
some of the faintest targets. Nevertheless, the data presented 
here serve as a novel investigation of the spectral content of the 
region. 

3.2. FLAMES-UVES spectroscopy 

In addition to observations with the Giraffe Spectrograph, one 
can observe up to an additional 6 objects simultaneously with 
the red-arm of UVES (with a central wavelength setting of 
5200 A). In the SMC and LMC fields the UVES fibres were 
used to observe a small number of 'red' targets. The FLAMES- 
UVES A5200 set-up gives spectral coverage from approxi- 
mately A4200 to 5150 and 5250 to 6200 A (with the break in 
coverage arising from the gap between the two CCDs). These 
data were reduced by Dr. A. Kaufer using the standard pipeline 
dBallester et alj|2004 ). which runs under MIDAS and performs 
the extraction, wavelength calibration, background subtraction 
and subsequently merges the individual orders to form two 
continuous spectra, i.e., from A4200 to A5150 and A5250 to 
A6200A. 

Note that these data were observed over multiple epochs, 
and the pipeline does not correct the spectra to the heliocen- 
tric frame. For the purposes of approximate classification the 
very large number of individual UVES spectra were simply co- 
added, without coiTection to the heliocentric frame. Therefore 
we do not quote radial velocities for these stars. 
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Table 1. Summary of the wavelength coverage, mean FWHM of the arc lines and effective resolving power, R, at each Giraffe 
central wavelength setting, Ac, for the observations in NGC 346. 



Setting 


Ac 


Wavelength coverage 


FWHM 


R 




(A) 


(A) 


(A) 


(pixels) 




HR02 


3958 


3854-4051 


0.18 


3.7 


22,000 


HR03 


4124 


4032-4203 


0.15 


3.4 


27,500 


HR04 


4297 


4187-4394 


0.19 


3.5 


22,600 


HR05 


4471 


4340-4587 


0.23 


3.7 


19,450 


HR06 


4656 


4537-4760 


0.20 


3.5 


23,300 


HR14 


6515 


6308-6701 


0.39 


3.9 


16,700 



3.3. Additional LIVES spectroscopy in N11 and 
NGC 330 

Normal UVES spectroscopy of a further 14 stars was obtained 
in 2001 November 1-3, as part of programme 68.D-0369(A); 
these data are included here to supplement the FLAMES sam- 
ple. The specti-a cover A3750 to A5000, A5900 to A7700, and 
A7750 to A9600 A, at a resolving power of R -20,000. These 
data were also reduced using the UVES pi peline, contempora- 
neously to those presented bv lTrundle et al.. (2004). 

The 9 targets in N 1 1 complement the FLAMES programme 
well, providing a number of sharp-lined, luminous early B-type 
spectra. The spectra of the 5 targets in NGC 330 were only ex- 
amined after collation of the FLAMES data hence their inclu- 
sion (out of sequence) at the end of Table |5] Note that the 14 
stars observed with UVES in the traditional (non-fibre) mode 
are marked in Tables |5] and |6] as simply 'UVES target' (cf. 
'FLAMES-UVES target' for those observed in the more lim- 
ited, fibre-fed mode). 



4. Spectral classifications and stellar radial 
velocities 

The FLAMES spectra were classified by visual inspection, 
largely following the precepts detailed in Paper I, with addi- 
tional consideration of the lower metallicity of stars in the LMC 
and SMC. The principal refer ence for O- and early B-typ e 
spectra is the digital atlas from Walborn & Fitzoatrick ( 1990), 
with t he effects of metallicity explored by Walborn et al, ( 199 5, 
20001) . Later-type s tars in the SMC were classified using th e 
critieria outlined by L ennonI ( ll997h . lEvans & HowarthI (l2003b . 
and Evans et al. (20(34)). In the LMC, A-type supergiants were 



classified from in terpolation betwee n the Galactic and SMC 
spectra given by Evans & Howarth|, and B-ty pe supergiants 



Fitzpatricki 11988 , 1991). 



were classified with reference to 
Intermediate types of BO. 2 and BO. 7 have been used for some 
spectra - these are interpolated types that, in an effort to avoid 
metallicity effects, are largely guided by the intensity of the 
weak He II A4686 fine. 

Assignment of luminosity classes in early B-type stars, 
with due attention to metallicity effects and stellar rotation 
rates, can be difficult. Very subtle changes in the observed 
spectra can yield different classes. Indeed, the reason that we 
do not regularly employ the class IV notation for stars in the 



Magellanic Clouds, arises from these issues - in a large dataset 
such as the FLAMES survey, one should be careful not to over- 
emphasize groupings as 'dwarfs' and 'giants', remembering 
that luminosity and gravity are continuous quantities. Also, as 
in our previous studies, we are cautious with regard to employ- 
ing the Be notation - many of our targets have Ha profiles dis- 
playing narrow core emission, accompanied by [N II] emission 
lines which are clearly nebular in origin. Where possible we 
give precise classifications for the Be spectra. In those spectra 
with Fe II emission (discussed further in Section |6]l contami- 
nation of lines such as Si III A4552 makes classification more 
difficult. However, as for normal B-type stars, other absorption 
features are also of use as temperature diagnostics, such as O II 
AA4415-17 and the O Il/C III blend at A4650 A (remembering 
to account for metallicity effects). Of course, our Be classifica- 
tions do not consider the likely contribution to the continuum 
by the emission region, and thus may not correlate to the same 
temperatures as for normal B stars. 

In Tables m |5] |6] and [T] we present the observational prop- 
erties of each of the stars observed in the four FLAMES fields 
in the Magellanic Clouds. Spectral classifications and stellar 
radial velocities are given, together with cross-references to 
existing catalogues and comments regarding the appearance 
of the Ha profiles and binarity. For NGC 346, NGC 330 and 
NGC 2004 we also include the radial distance (rd, in arcmin) 
of each star from the centre of the cluster coreQ 

Finding charts are included for each of the fields in 
Figures [13] [141 [13 and [16] The finding charts employ images 
from the Digitized Sky Survey (DSS) with our targets overlaid. 
The WFI pre-imaging used for target selection is significantly 
superior to the DSS images, however our intent here is solely 
to give a clear overview of the locations of each of the stars in 
our sample. The DSS images provide such clarity, in particular 
they are free of the chip-gaps arising from the WFI CCD array. 
One clear point evident from the finding charts is that NGC 330 
and NGC 2004 are very compact clusters and that, whilst the 
FLAMES observations sample some peripheral cluster mem- 
bers, the majority of the targets sample the local field popula- 
tion. Furthermore, the radius of the ionized region in NGC 346 



For completeness, the coordinates (J2000.0) used in calculating 
the radial distances were: 

NGC 346: a = 00''59"M8.0", S = -72° 10'48.0", 
NGC 330: a = 00''56"M8.8", S = -72°27'47.2", 
NGC 2004: a = 05''30™40.2=, 6 = -67° 17' 14.3". 
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is given by iRelano et alj (l2002h as ~3.5 arcmin; many of the 
FLAMES targets are beyond this radius highhghting that, even 
in this pointing, the observations sample both the cluster and 
field population. 

The Nil region is more complex, with both LHIO (the 
denser region above the centre in Figure [TSll and LH9 (the rel- 
atively 'open' cluster just below centre). The V^-band WFI im- 
age is shown in Figure [TtJ in false-colour to better highlight 
the nebulosity. The full complexity of the region is revealed in 
the original photographic plate from lHeniz ill956'). Stai-Nll- 
004 is the principal object in Nl IG, Nl 1-063 and Nl 1-099 are 
both in NllC, and some of our targets south of LH9 are in 
NllF. Further insight into the structure of this region is given 
by the Ha+ [N II] p hotogra ph from Malcolm G. Smith pub- 
Ushed by I Walborn & Parked (Il992l) . and from a near-IR im- 
age from Dr. R. Barba (private communication), both of which 
show a wide variety of arcs and filaments of nebular gas. 

Radial velocities (v^- in km s^^) are given for each star, ex- 
cepting those that appear to be multiple systems. The measure- 
ments here are the means of manual estimates of a number of 
line centres, as indicated in parentheses in the tables. The pri- 
mary lines used are generally those of He I, He II and Si III, 
with a typical standard deviation of the individual measure- 
ments around 5-10 km s^^. We prefer manual measurements 
such as these because of the highly variable nebular contami- 
nation in a region such as NGC 346 (which may led to spurious 
results if more automated methods are employed). In a small 
number of stars with apparently large rotational velocities (or 
lower signal-to-noise), precise determination of the line centres 
is more difficult thereby yielding a less certain value, as indi- 
cated here using the usual ':' identifier in the tabulated results. 
The precision of manual measurements may also be biased by 
the infilling of helium lines, either by nebular contamination in 
morphologically normal spectra, or by infilling of the lines in 
Be-type stars; where these effects are obvious we have avoided 
the relevant lines but naturally there may be cases in which the 
effects are not so prominent yet affect the (apparent) line cen- 
tre. 

In tables m 12116] and|2]we present stellar radial velocities for 
each of our targets. In the process of measuring the velocities 
we find a relatively large number of spectra displaying evidence 
of binarity. These are shown in the tables as 'Binary', with SBl 
and SB2 added to indicate single-lined and double-lined bina- 
ries where it was possible to identify the nature of the system. 
Finally, in the comments column of each table we note a small 
number of stars as 'variable u^?' . In these one or two lines have 
anomalous velocities, with it unclear whether they arise from 
binarity. 



4. 1. Cross-references with x-ray observations 

We have cross-referenced our FLAMES targets in the Nil 



between optical and x-ray positions is 0.5", suggesting a small 
offset between their astrometric solution and that from the EIS 
data. Widening our search radius from 3" to 5" we find one 
further potential cross-match: NGC 346-078 (an early B-type 
binary) is 3.8" from their source #17; although in the opposite 
sense to NGC 346-067 and #6 and it seems unlikely that this is 
a valid match. 

Similar sea r ches w ith the XMM-Newton sources reported 
by iNaze et al. (l2004ah in Nil, and additional sources in 



and NGC 346 fields with the x-ray sources from iNaze et al 
(l2003i l2004allbl) . We find that NGC 346-067 is ~1.9" from 



source #6 in the iNaze et alj (120031) study. In fact, it is 
the same counterp art suggested by them, i.e. MA93#1038 
(IMeyssonnier & Azzopardi ,1993,) . The tabulated separation 



NGC 346 from lNaze etaP (l2004bl) . revealed no further cross- 
matches with our FLAMES sample, suggesting that none of 
our observed stars (excepting NGC 346-067) are particularly 
strong x-ray sources. 

5. Comments on individual stars 

There is a tremendous amount of new spectroscopic informa- 
tion available in our LMC and SMC fields. In nearly all cases 
the FLAMES spectra offer significantly better-quality data than 
previously. Also of note is that many stars, particularly in the 
NGC 330 and NGC 2004 fields, have not been observed before 
spectroscopically. 

In the following sections we discuss spectra with inter- 
esting or peculiar morpholgies. In general we do not address 
the specific details of detected binaries, restricting ourselves 
to simply indicating their binarity in Tables ID |5] |6] and |2l In 
many cases the FLAMES spectra are sufficient to determine 
orbital periods and, for some systems, offer an insight into 
the physical nature of the individual components. A compre- 
hensive treatment of the binary spectra will be presented else- 
where. Emission-line (i.e. Oe and Be) stars are discussed sepa- 
rately in Section|6] 

5.1. NGC 346-001 

NGC 346-001 is the well-st udied star Sk 80 (i Sanduleak"l968'), 
also identified as AzV 232 dAzzopardi & Vigneau 1975 1982.) 
and MPG 789. It was classified as 07 Iaf+ bv lWalborn| (|l977l) . 
with the f+ suffix employed to denote the strong Si IV A41 16, 
N III A4634-40-42, and He II A4686 emission features; in- 
deed, Sk 80 serves as the principal 07 supergiant in the 
IWal born & Fitzpatrickl (Il990h spectral atlas. A detailed atmo- 
spheric analysis of a VLT-UV ES spectrum of this star was 
given bv lCrowther et al.1 (120021) . 

Close inspection of the individual FLAMES -Giraffe spec- 
tra reveals several features that suggest this object to be a bi- 
nary. Perhaps the most distinctive of these is shown in Figure[3] 
In the first five exposures there is a weak absorption feature in 
the blueward wing of the He II A4686 emission line (left-hand 
panel of figure). Compare this to the HR06/#06, #07 and #08 
frames in which it is absent, with slightly weaker A4686 emis- 
sion (right-hand panel). From the same observations, a small 
shift (^10 km s^^) is seen in the He I A4713 line. A similar, 
though less significant effect to that seen in the A4686 line, 
is also seen in the blueward wing of the Ha profile (we do 
not consider the core intensity given the problems of nebular 
subtraction). Inspection of the spectra from the HR05 observa- 
tions (which also include He II A4542) reveals a shift of ~10 
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NGC 346-001 HR06/#03 




NGC 346-001 HR06/#08 



4650 4700 4650 4700 

Wavelength (S) 

Fig. 3. Variations in the He ii A4686 line seen in NGC 346-001 . 
The left panel shows exposure HR06/#02, with the right panel 
showing HR06/#08, note that the intensity of the N iii A4634, 
4640-41 emission is identical whereas the He ii A4686 mor- 
phology and intensity differs. 



km s^ between the two epochs, which is also mirrored in the 
He I A4471 line. That these shifts are seen in the mainly pho- 
tospheric He I features suggests there is a companion and that 

we are not seeing evidence of wind variability. 

Compared to the VLT-UVES data from lCrowther et all the 
resolving power from the high-resolution mode of FLAMES- 
Giraffe is roughly a factor of two lower, but the signal-to-noise 
of the new spectrum is ^^400. Aside from consideration of bi- 
narity, we note the presence of two weak emission lines that 
we attribute to N III, with rest wavelengths of A3938.5 and 
A4379.0 (Dr. F. Najarro, private co mmunication). U pon rein- 
spection of the UVES spectrum from lCrowther et alj these fea- 
tures can also be seen, but are less obvious due to the inher- 
ent problems associated with blaze removal etc. The A4379.0 
lin e can also be seen in t he high-resolution spectrum presented 
by IWalborn et al.l (Il995h . although there are some comparable 
artifacts nearby; the Une is also seen in emission in AzV 83 
jWalborn et alJbOOOl) . 



5.2. NGC 346-007 

High-resolution optical spectra of NGC 346 -007 (MPG 324) 
have been pub l ished b y Walborn et al.1 (1 19951 NGC346#6) and 
Walborn et al] (|2000|) . In the FLAMES spectrum the Si IV 
A4116 feature is very weakly in emission (such that it was 
within the noi se level of previous spectra) and therefore the 
Walborn et alj classification of 04 V((f)) is revised slightly to 
04 V((f+)) to reflect this. Small radial velocity shifts are seen 
in some lines in the spectra of NGC 346-007 (of order 20- 
30 km s^^) suggesting it as a single-lined binary. 



5.3. NGC 346-01 3 

This object is one of the most intriguing in the FLAMES sur- 
vey. At first glance the spectrum is that of an early B-type star 



NGC346-013 



Co-added MJD5a9SB 



Co-added HHD^SSS 




4650 
Vavelenglh (A) 



Fig. 4. The HR06 observations of NGC 346-013. The spectra 
from the two epochs have been co-added, and then 11 -pixel 
median filtered to aid clarity. Identified lines are Si iii AA4552- 
68-75; N m AA4634, 4640-42; C iii A4650; He ii A4686; He i 
A4713. The vertical dotted lines highlight the wavelengths of 
the He i and ii lines in the second batch of observations; these 
are seen to move in an opposite sense between epochs. 



with a spectral type of Bl or B1.5, but there is also anoma- 
lous absorption from He II A4686. Inspection of the individ- 
ual spectra reveals significant velocity shifts in the He I and 
Si III absorption lines, with a maximum ampUtude over the 
time coverage of the FLAMES observations of approximately 
400 km s^^. Other lines such as the C III and N III blends move 
in the same sense. Interestingly, the He II A4686 moves in the 
opposite sense to the other features and with a smaller ampli- 
tude, suggesting that it is the more massive object in the system 
(and presumably hotter by virtue of the 4686 line). These fea- 
tures are illustrated in Figure]?] 

We lack other diagnostics of the companion associated with 
the He II A4686 feature in the current data. The He I A4471 
absorption appears to be marginally double-lined in the first 
three HR05 observations, but it is within the noise level pre- 
venting accurate characterization. No strong absorption is seen 
from He II A4542 in the HR04 data suggesting a narrow tem- 
perature range for the companion. We note that NGC 346-01 3 
does not appear in the x-ray catalogue of ]Naze et al.] (]2003l) . 
A more detailed treatment of its orbital properties will be pre- 
sented elsewhere. Further spectroscopic monitoring of this ob- 
ject is clearly a high priority. 

5.4. NGC 346-026, & NGC 346-028 

High-resolution echeUe spectra of NGC 346-026 (MPG 012) 
and NGC 346-028 (MPG 113) were presented by 



Walborn et al 



with a detailed discussion of their 
morphologies. For NGC 346-028 we adopt the iWalborn et al. 
classification of OC6 Vz. In the case of NGC 346-026 
we prefer the unique classification o f BO (N str), over the 
O9.5-B0 (N str) from ' Walborn et"aD The fine that is least 



consistent with a BO-type is He II A4200, which is marginally 
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stronger in NGC 346-026 tha n in v Ori, the BO V standard 
jWalborn & Fitzpatrick 1 19901) - given the 'N str' remark, 
perhaps part of the explanation for this lies with a stronger 
A4200 N III line. Interestingly, the Si IV lines in the spectrum 
are in reasonable agreement with those in v Ori, which is 
surprising given the lower metallicit y of the S MC. This point 
strengthens the suggestion by Walborn et al.l that luminosity 
class IV might be more befitting of the star, a prior i of th e 
luminosity and gravity results found by ' Bouret et al. ( 2003 ). 
Thus, we classify the star as BO IV (N str). 

5.5. N 11 -020 



The spectrum of Nil -020 displays broad, asymmetric Ha 
emission, combined with strong N III A4634-41 and He II 
A4686 emission. Such morphology is similar to that seen in 
C Pup IWalborn & Fitzpatrick 1990). The FLAMES spectrum 
appears slightly cooler than ^ Pup, resulting in the classifica- 
tion of 05 I(n)fp. There are clear variations in both the Ha 
and He II A4686 lines, which could be indicative of wind vari- 
ability. However, close inspection of other lines such as He II 
A4542 and HS reveal subtle morphological changes indicative 
of a companion, suggesting that Nl 1-020 is a further binary. 

5.6. Nil -026, Nl 1-014 & Nl 1-091 

The spectrum of Nl 1-026 is shown in Figure [5] and is between 
the02 and 03 -type standards published by IWalborn et al. 
(I2OO2I I2OO4I) . Thus we employ an intermediate type of 
02.5 III(f*). Nl 1-026 is -4.5' to the n orth of LHIO (see 



Figure [15]) and the photograph of Nl 1 from lWalborn & Parker 
(Il992h shows a likely ionization front just to the east of the 
star. In fact, the FLAMES targets adjacent to #026 offer a 
good illustration of the rich star-formation history of the re- 
gion. Cross-match i ng ou r targets again with the image from 
Walborn & Parked d 19921) . Nl 1-014 (to the west of #026) is a 
B2 supergiant in a more rarefied region, and Nl 1-091 is an 09- 
type spectroscopic binary (with what appears to be a B-type 
secondary) lying in a dense knot of gas. 

Nl 1-026 has the third largest velocity in the Nil targets, 
with Vr ~ 330 km s^^ (with standard deviation, a — 5). The 
median result for the Nil stars with measured radial velocities 
is 295 km s~^suggesting Nl 1-026 as a run-away obj ect, cf. the 
usual critierion of Avr ^40 km s~^( lBlaauwlll96l[) . Nl 1-026 
is ~1' away from Nl 1-091, which at the distance of the LMC 
corresponds to '^14 pc. An ejected young star could conceiv- 
ably cover this distance in its short lifetime (su ch arguments 



are di scussed in their definition of a field star by lMassey et al 



1995h . Indeed, in 2 Myr the star may have even travelled the 
~70 pc from the northern edge of LHIO. 

5.7. Nil -028 

Nl 1-028 is the primary star of Nil A, a well-studied 
nebular knot to the north-east of LHIO (NllB). 



0-type star. This was confirmed by P92, who found an embed- 
ded primary (their star 3264) with two faint companions. P92 
show the spectrum of 3264 in their Figure 5, classifying it as 
03-6 V. The uncertainty in the classification arises from the 
strong nebular emission in t he spectrum, as one would e xpect 
from the near-IR study by llsrael & Koornneef ( 1991 ) who 
concluded that Nl 1 A was dominated by such emission. 

More recently, impressive images of Nl lA from the Wide 
Field Planetary Camera 2 ( WFPC2) on the Hubble Spac e 
Telescope were published by iHeydari-Malayeri et alJ (1200 ih . 
Their imaging (see their Figure 2) revealed at least five objects 
in the core of NllA, which they labelled as numbers 5 to 9. 
Their star #7 was the brightest with Stromgren v = 14.59, with 
three of the others (5, 6, and 9) fainter than 18th magnitude. 

In the WFl imaging used to select our FLAMES targets, 
NllA appears as an unresolved, dense blob, with the fibre 
placed on the bright core. Our photometric methods here are 
relatively simple and were primarily concerned with target se- 
lection. The multiplicity in NllA, combined with the effects 
of the nebulosity, highlight that a more tailored photomet- 
ric analysis is warranted for a star such as this, beyond the 
scope of our programme (and imaging). As such, the quoted 
magnitude in Table |6l is brigh ter than that given by P92 and 
Hevdari-Malaveri et al. I (l200lh . 

The MEDUSA fibres used with FLAMES have an on- 
sky aperture of 1.2". F rom comparisons with the figure from 
Hevdari-Malaveri et al.L it is likely that the MEDUSA fibre was 
not centered perfectly on the principal star (owing to the reso- 
lution of the WFI image). It is also possible that the FLAMES 
spectrum may include some contribution from their star #8, 
which is two magnitudes fainter than the primary. 

The FLAMES spectrum of Nl 1-028/Parker 3264 is shown 
in Figure |6l and is classified here as 06-8 V, cf. 03-6 V from 
P92. We see no obvious evidence of binarity, or of other fea- 
tures from a possible companion. The absorption at He I A4026 
is larger than that seen in He II A4200, thereby requiring a spec- 
tral type of 06 or later The uncertainty in the current classifi- 
cation arises because of the He I A4471 line, in which the de- 
gree of infilling is unclear Obviously such a revision of spec- 
tral type will have a signifi cant effect on the perceived ion izing 
flux in the nebula. Indeed. iHeydari-Malayeri et alJ (120011) con- 
cluded that an 07.5 or 08 main-sequence star could account 
for the observed ionization, commensurate with our classifica- 
tion. One interesting feature is the weak Mg II A4481 absorp- 



tion s ometimes see n in mid O-type spectra (e.g. lMorrell et al 



Heydari-Malayeri & Testod (119851) suggested that the principal 
source of ionization was a star with TeS '^44,000 K, i.e. an 



1991), attributed by MihalasI ( 1972 ) to deviations from the as- 
sumptions of local thermodynamic equilibrium, i.e. non-LTE 
effects. 

5.8. Nil -038 

There is a striking similarity bet ween the spectrum o f this star 
and that of AzV 75 in the SMC dWalborn et al.ll2000l) . with the 
spectrum here classified as 05 III(f+). Interestingly this star 
was observed by P92 (their star 3100) and classified as '06.5 
V((f)):'. The FLAMES data shows strong He II absorption at 
A4200, cf. the P92 spectrum in which it is relatively weak. The 
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Fig. 5. Two early O-type stars: Nl 1-026 and NGC 2004-049. The lines identified in Nll-026 are, from left to right, N iv A4058; 
Si IV 4089-41 16; N V AA4604-4620; N iii AA4634-4640-4642. For claiity the spectra have been smoothed by a 1 .5 A FWHM filter 
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Fig, 6. The FLAMES spectrum of the principal stai- in Nil A. The He ii lines identified are, from left to right, AA4200, 4542, 
4686; the two strongest He i lines at AA4026, 4471 are also labelled. Although the nebular spectrum somewhat dominates, there 
is strong absorption seen in both He i lines, necessitating a later spectral type than that adopted by .Parker et aL(.1992) . For clarity 
the spectrum has been smoothed using a 7-pixel median filter. 



relative ratio of He I A4471 to He II A4542 also appears differ- 
ent in the P92 spectrum in comparison to the FLAMES data; 
although we see no evidence for binarity in our spectra, vari- 
ability of this object cannot be ruled out. 



Nil -03 8 and AzV 75 are shown together in Figure |7] Note 
the very weak N IV emission feature in Nl 1-038, also con- 
sistent with an early O-type classification. The stronger N III 
emission and weaker He II A4686 absorption in AzV 75 sug- 
gest a more luminous star than Nl 1-038, and these are bourne 
out by the brighter V magnitude (taking into account the dif- 
ferent distances and reddening). However we argue that both 
stars fall into the same morphological bin, cf. the standards in 
Walborn & Fitzpatrick (.1990) . 



5.9. N 11 -040 

Classification of this spectrum was relatively difficult, result- 
ing in a final type of BO: Illn. There is apparent emission at 
the edge of both wings in the Ha profile. There are also in- 
dications of binarity, with the He II lines appearing to have a 
slightly larger radial velocity than the other features, although 
the broadened Unes make precise measurements very difficult. 



5.10. Nil -045 

Classified here as 09-9.5 III, the hydrogen and helium spec- 
trum of Nl 1-045 is very simi lar to that of t Ori (09 III) from 
Walborn & Fitzpatrickl (fl990l) . However, we do not rule out a 
later 09.5 type; very weak Si III absorption is seen and the Si IV 
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Fig. 7. The FLAMES spectrum of Nl 1-038 compared with that of AzV 75 in the SMC, taken from IWalborn et alJ (l200d) . The 
lines identified are the same as in Figures |5] and |6l For clarity the spectra have been smoothed by a 1.5 A FWHM filter 



lines are slightly stronger than one would expect at 09, espe- 
cially when one considers the reduced metallicity of the LMC. 

5.11. NGC 2004-049 

The spectrum of NGC 2004-049 is shown in Figure |5] and is 
classified here as 02-3 III(f *)+OB; the spectrum is very sim 



ilar to that of LHlO-3209 jParker et all 119921; IWalborn et al 



20021) . The N IV emission has a greater intensity than the N III 
lines, necessitating an early type of 02-3 for the primary. The 
secondary component in NGC 2004-049 appears cooler than in 
LHl 0-3209, with the He I A4471 absorption greater than that 
from He II A4542. Given the relatively weak He II A4686 in 
the composite spectrum, one can speculate there the secondary 
does not contribute significantly to this line and that the com- 
panion is of early B-type. 

5. 12. NGC 2004-057 

Some 5' east of the cluster, NGC 2004-057 (Brey 45; 
IBrey sacher 1981 ) is a Wolf-Rayet star classified as WN4b 
by Ismith et al.l (Il996l) . in which the 'b' denotes broad emis- 
sion at He II A4686. Given the broad nature of the emis- 
sion features, and the relatively short spectral range of each 
Giraffe wavelength-setting, it is not possible to rectify the data 
for NGC 2004-057 reliably. However, we retain the star in 
Table [T] as it highlights interesting objects found in the field. 
The FLAMES data appear to reveal small changes in the struc- 
ture of emission lines such as He A4542, perhaps indicative of 
wind variability. 

6. Emission-line stars 

6. 1. Be-type stars 

The Ha profile of NGC 346-023 has asymmetric, double- 
peaked emission, with infilling in the other Balmer lines. The 
absorption spectrum suggests a fairly hot star and is classified 



as BO. 2. Of particular note are numerous Fe II emission lines, 
together with emission from other metallic species, e.g. Mg II 
(A4481) and Si II (AA6347, 6371). The A4300 to A4700 A re- 
gion of its spectrum is shown in Figure [8] Permitted emission 
lines from Fe II are a well-known phenomen on in some Be-type 
stars (e.g. IWellmannll 1952 : ISlettebak|[l9p). with more than a 
dozen found in the Magellanic Clouds bv lMassev et al.l (Il995h . 
The most striking example of these stars in the FLAMES sur- 
vey is NGC 346-023. Also shown in Figure [8] is another ex- 
ample, NGC 346-060, in which twin-peaked emission lines are 
seen, likely indicating a different viewing angle. Spectra with 
Fe II in emission are identified in Tables |4] |5] |6] and|7]as 'Be- 
Fe'. The interesting Oe-type star, Nl 1-055 (see Section |63] | is 
also shown in Figure [H] 

Prompted by th e recent study in NGC 2004 by 



Martavan et al.l (12006b we measured the equivalent widths of 
Ha emission, EW(Ha), for each of the Be-type FLAMES 
spectra. These values were then compared with the presence 
or absence of Fe II emission. Given the problems of nebular 
subtraction with multi-fibre data (which introduces a variable 
uncertainty, proscribing precise measurements in Be-type 
stars), we do not tabulate the EW(Ha) values, and limit 



ourselves to a general discussion of the results. iHanuschik 
(1987) reported EW(Ha) = 7 A as the minimum for Fe II to 
be seen in Galactic Be stars. With the lower metallicity in the 
Clouds one might expect to find that the EW(Ha) threshold 
for Fe II emission increases. IMartavan et al.l (120061) find that 
Fe II emission is seen in their LMC targets when EW(Ha) > 
20 A, with the inference that this higher threshold reflects the 
metallicity difference. 

In our NGC 346 and NGC 330 fields we find the thresh- 
old for Fe II emission is EW(Ha) > 15-20 A, above which 
Fe II emission is seen in all stars (except in NGC 346-045). 
Below this threshold Fe II emission lines are not seen except in 
NGC 330-031 [EW(Ha) = 8.5 A (±1)] which has very weak 
Fe II emission at AA4549, 4556, and 4584. Five of the six Be 
stars in Nl 1 have Fe 11 emission lines (Nl 1-056 is the exception 
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with very weak, double-peaked Ha emission). Four of these 
five stars have EW(Ha) > 20 A, with the fifth, Nl 1-078, hav- 
ing EW(Ha) - 4 A (although as in NGC 330-031, the Fe 11 fea- 
tures are very weak). Lastly, in NGC 2004 both NGC 2004-023 
and NGC 2004-035 have strong (i.e. EW > 20 A) Ha emission, 
accompanied by Fe II. Again we find one star (NGC 2004-025) 
with EW(Ha) below 20 A (in this case ^12.5) with very weak 
Fe 11 emission. 

In summary, Fe 11 is seen in emission in most stars for 
which EW(Ha) > 15 A; a strong Ha emission profile does 
not guarantee Fe II emission, but it is very probable. Also, 
the threshold isn't completely exclusive, below it we see weak 
(but clear) emission in the stronger Fe 11 lines in three stars. 
Following this investigation of the LMC and SMC spectra, we 
revisited the 12 Be-type stars from Paper I to check for Fe II 
emission. In Paper I we did not pay particular attention to Fe II 
emission, apart from in the Herbig-type star 661 1-022. In fact, 
there are three stars from Paper I with EW(Ha) > 20 A (3293- 
011, 4755-014, and 4755-018) and Fe 11 emission is seen in 
each of these. There are two further stars with moderate Ha 
emission, 6611-010 and 6611-028, for which EW(Ha) = 15.5 
and 13.5 (±1) respectively. There appears to be very weakFe II 
emission in both of these spectra, analogous to the stars with 
moderate Ha emission in our LMC and SMC sa mple. The 
weak em ission in 6611-010 (W5 03, IWalken Il96lh was also 
noted by iHillenbrand et al.l (Il993h . leading to their classifica- 
tion of the spectrum as a Herbig-type object. 

With the benefit of new instrumentation and detectors we 
can detect Fe 11 emission that may have gone un-noticed pre- 
viously. It seems clear that irrespective of environment, if 
EW(Ha) > 20 A, it is very probable that Fe 11 emission will 
also be observed. The statement from iHanuschikl ( 1987 ) was 
that 'one should not expect to find notable amounts of Fe II 
emission for stars with EW(Ha) < 7 A.' This remains true and, 
if anything, should be revised upwards slightly, depending on 
on e's definition of 'not able.' However, we dispute the claim 
by lMartayan et alJ (12006) that theu- observations in NGC 2004 
display the expected offset arising from the lower metallicity - 
although we have not measured the intensity of the Fe 11 emis- 
sion, we see no obvious trend with metallicity for the presence 
of Fe 11 emission. 

Given that both NGC 346 and Nl 1 are relatively young re- 
gions it does suggest the question of whether these stars are 
classical Be-type stars, or are they associated with younger 
(pre-main-sequence) objects. Indeed, the cores of both re- 
gions are younger than the 10 Myr threshold given by 



Fabregat & Torrejonl(l2000l) for classical Be-type stars to form. 

In NGC 346 the three Be-Fe stars closest to the centre of 
the cluster are NGC 346-023, 036 and 065, all of which are 
on the periphery of the central ionized region (see Figure [T3]l. 
Similarly in Nl 1, the Be-Fe stars are not in the obviously dense 
star-forming regions. Given that also we find such stars in the 
NGC 2004 and NGC 330 pointings (that sample the more gen- 
eral field population) it seems most plausible that the Be-Fe 
stars are associated with classical Be-typ es, rather than younger 
objects. However, it should be noted that lMokiem et al.l (|2006|) 
find evidence for coeval O-type stars beyond the ionized region 
in NGC 346 - detailed analysis of the Be-Fe stars is required 



to test whether those in the NGC 346 field are actually coeval 
with the young O-stars, or whether they are older 



6.2. Shell stars 

In Figure|9]we show the spectrum of NGC 346-048, which per- 
mits an elegant comparison with NGC 346-023. The Ha profile 
of NGC 346-048 is double-peaked, leading to moderate 'shell' 
effects in the H7 line shown in Figure |9] Such a spectrum is 
thought to origi nate from absorp t ion by a cooler disk in fron t 
of the star (e.g. lHanuschiklll995t iHummel & Vrancken I2OOOI) 
and also leads to the Fe 11 absorption seen in the figure, unchar- 
acteristic of a star classified as B3-type and more comparable to 
those seen in the sharp-lined, AO II spectrum of NGC 346-014. 
Note the weak emission in the wings of the A4584 Fe 11 line 
in NGC 346-048. Similar absorption from Fe 11 is also seen in 
NGC 330-093, although the signal-to-noise of the data is lower 
given the fainter magnitude of the star. 



6.3. Oe-type stars 

6.3.1. Nl 1-055: An 'Oe-Fe' star 

This star has a very complex spectrum, a section of which is 
shown in Figure [8] Emission is seen in all of the observed 
Balmer lines, and most of the He 1 lines are infilled by a twin- 
peaked profile (e.g. A4026), with the A4713 line seen solely in 
(twin-peaked) emission. A large number of Fe 11 emission lines 
are also seen. We find no strong evidence for binarity, with all 
the features apparently consistent with one radial velocity; the 
mean radial velocity from the 3 He 11 lines is 293 km s~^. We 
classify the star here as 07-9 Illne, with the uncertainty in spec- 
tral type arising due to the significant infilling in the He 1 lines. 
Assuming that there is no significant companion, the intensity 
of the A4200 and A4542 He 11 lines suggests that the later-type 
is most likely the best description of the spectrum. Also, the 
He 11 A4686 line appears too weak for the star to be classified 
as a dwarf, hence the adoption of class III. 

In a sense, this star appears as a much less extreme versio n 
of iron stars such as HD 87643 dWalborn & FitzpatricklboOOl) . 
However, the iron stars tend to show strong P Cygni features in 
some of their lines, which are not seen here. The Ha emission 
in Nl 1-055 is strong and symmetric, suggesting this star might 
be more closely related to Be-type stars, with HD 155806 a 
likely Galactic counterpart ( Walbornlll980l) . 



6.3.2. NGC 346-01 8 

NGC 346-018 (MPG 217) is classified as 09.5 Ille. The spec- 
trum displays very strong and broad Ha emission, with the 
higher-order lines of the Balmer series somewhat in-filled. The 
He 1 A6678 line is strongly in emission and there is evidence of 
significant infilUng in He 1 A4471 (and perhaps other He 1 lines 
in the blue region); we have taken this into account when clas- 
sifying the spectrum, as discussed by .Negueruela et al., 
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Fig. 8. Examples of Be/Oe-type spectra with Fe ii emission lines. The Fe ii lines identified in NGC 346-023 are AA4491, 4508, 
4515, 4520, 4523, 4549, 4556, 4584, and 4629. For clarity the spectra have been filtered by a 7-pixel median filter and to ease 
the comparison between SMC and LMC spectra they are corrected for their tabulated radial velocities to rest wavelengths. 
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Fig. 9. A comparison of Be-type stars with Fe ii emission and absorption lines. The Fe ii lines identified are the same as in 
FigurelH and the spectra have also been filtered by a 7-pixel median filter. The spectrum of NGC 346-014 is included to highlight 
that the Fe ii lines are indicative of a much cooler temperature, comparable to that seen in early A-type stars. 



6.3.3. NGC 330-023 

The spectrum of NGC 330-023 has strong, broad Ha emission, 
with an equivalent width of 28 ±3 A (with the uncertainty aris- 
ing from the rectification in the wings of the emission). It's 
conceivable that part of this emission may be nebular in origin, 
but the absence of [N II] emission suggests that the majority 
is intrinsic to the star. The blue-region spectrum is particularly 
interesting, with He II absorption lines consistent with a late O- 



type star. It is difficult to assign a precise classification due to 
significant infilling of the He I lines; however from intensity of 
the He II lines we classify the star as approximately 09-type. 
Of note (see Figure [Tol i is the twin-peaked emission seen in 
both He I A4471 and 4713. The luminosity class is harder to 
ascertain, with a final classification of 09 V-llle adopted. 

Prior to the new HR03 spectra obtained in 2005, radial ve- 
locity measurements were limited to the three He II lines, with 
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a mean value of 159 km s^^(with standard deviation, a =10), 
and with two of the lines included in the same wavelength 
setting. Inspection of the spectra acquired in 2005 reveal sig- 
nificant variations in the asymmetric H(5 emission feature, as 
shown in Figure [TT] With no obvious radial velocity shifts seen 
in other lines, such differences resemble the V/R (violet / red) 
variab ility seen in Be-type stars, suggested bylHanuschik et alJ 



1995) as arising from oscillations in the disk. Hummel et al. 



20011) studied Be-type stars in NGC 330 to see if this phe- 
nomenon was metallicity dependent as theory would suggest, 
but found that the fraction of stars undergoing disk oscilla- 
tions was comparable to that in Galactic targets. We note that 
NGC 330-023 is the photometric variable #95V reported by 
Sebo & Wood (119941) . with the variability presumably arising 
from changes such as those reported here. 

7. Compilation of previous spectroscopy 

For completeness, in Table [8] the FLAMES classifications 
presented here are compared with previous types. Published 



classific ations are include d from: W7 7 dWalborn 



FB80 (iFeast & Blackl [l98Q) : C JF85 CCarnev etal 



NMC jNiemela et al.| [l986 ): G87 dGarmany et al.|[l987l): MPG 



( Massev et al.lll989b: F91 ( 
1992b; L93 dLennon et al ' 



1977); 



19851) : 



^•itzpatrick '1991); P92 ('Parker et all 
19931); M95jMassev et al.. .1995i) 



M95JM 

G96 (iGrebel et al.l Il996h: HMOO dHevdari-M alaveri et aL. 
20001) : WOO^Jwalborn et al.ll2000l) : LoT Eennon et al.ll2003h : 
EH04 (lEvans et al.. 20041) . Note that we do not include pub- 



lished types from objective-prism spectroscopy, preferring to 
limit our comparisons to long-slit/multi-object observations. 
With the benefit of the hig h-quality FLAMES spectra. 



(|2004 



many of the classifications from lEvans et al. 
refined. There are few significant differences between the 
FLAMES classifications and those extant in the hterature. Two 
stars (Nl 1-028 and Nl 1-038) have already been discussed in 
Section|5]- one further target worthy of comment is Nl 1-080 
which appears to be comprised of two late-type O stars from 
the FLAMES data, compared to the 04-6 V classification from 
P92. This is not surprising given that P92 had noted the spec- 
trum as a possible composite object. 

8. Discussion 

In Table |2] we give an overview of the entire sample in the 
FLAMES survey, incorporating the LMC and SMC obser- 
vations reported here, with the Galactic data from Paper 1. 
Analysis of many of these data is now well advanced by dif- 
ferent groups. Here, with the benefit of a broad view of the 
whole sample, we discuss some of the more general features of 
the survey. 

8. 1. H-R diagrams for each of thie fields 

In Figure [12] we show Hertzsprung-Russell (H-R diagrams) 
for each of our LMC and SMC fields. These have been com- 
piled by employing various published calibrations - clearly the 
detailed studies of different subsets of the survey will yield 
precise determinations of temperatures and luminosities, but 



we take the opportunity now to show the full extent of the 
LMC/SMC stars in the H-R diagram. Objects listed as Hkely 
foreground objects are plotted as open circles, likely binaries 
as 'h-', and emission-line objects as triangles. For illustrative 
purp oses the evolutionary tracks show n are fromlSc haerer et al.l 
(fl993i) for the LMC targets and from lCharbonneTet al.1 d 1993b 
for the SMC. 

Temperatures were adopted on the ba sis of spec- 



tral ty pe, luminosity and metallici t y from iMassey et al 



(2005 



O-type stars), 'Crowther e t al.l B-type super- 

giants). [ Eva ns & Howarth (2003, A-type superigants), and 
Schmidt-Kaleij (Il982l for other types). Objects that luminos- 
ity classes of III or V were assigned temperatures from cali- 
brations for dwarfs; more luminous stars (i.e. II, lb, lab and 
la) adopted temperatures from calibrations of supergiants. With 
no metallicity-dependent temperature scale in the literature for 
early B-type su pergiants, temperatur es were taken from the 
Galactic results dCrowther et al ]l2006l) . which were found to be 
in good agreement with those from ana lysis of indiv idual stars 
in the SMC (Trundle et al. 2004; Trund le & LennonlEo 05). 

Lumin o sities were calculated using intrinsic colours from 
Fitzgerald (I1970'). extrapolating or interpolating where re- 
quired; bo lometric correction s were calculated using the rela- 
tions fr om Vacca et al. ( 19961) for the earliest types, and from 
Balona (11994') for the cooler stars; the ratio of total to s elec- 
tive e xtinction (R) in the LMC was taken as 3.1 (e.g ..How arthl 
1983k and as 2.7 in the SMC dBouchet et allll985l); dist ance 



2000l) and 



moduli were taken as 18.5 to the LMC (e.g. lGibson 
18.9 to the SMC (Harries et al. 2003). 

Figure [T2] highlights the predominantly less-massive popu- 
lations observed in the two older clusters (i.e. NGC 2004 and 
NGC 330), particularly when compared to Nil. The Nil ob- 
servations also sample a more luminous, more massive popula- 
tion than those in NGC 346. This is, in part, influenced by the 
fact th at some of the O-type stars observed by Walborn et al.l 
d2000l) were explicitly avoided in the FLAMES survey as state- 
of-t he-art analys es have already been presented in the literature 
(e.g. lBouret"etal..i2003.) . 



8.2. Exploring new regions of N11 

As mentioned earlier, part of our intention in the FLAMES ob- 
servations was to explore some of the less dense, apparently 
star-forming regions in Nl 1. In addition to the discovery of the 
02.5-type star to the north of LHIO, the survey has revealed a 
large number of O-type stars in the regions surrounding LH9 
and LHIO. In Figure [TT] we show the F-band WFI image used 
for target selection in Nl 1, with the O- and B-type stars marked 
in different colours; LH9, LHIO and LH13 are also identified 
in the image. Note the O-type stars to the south of LH9, newly 
discovered by this survey. These include Nl 1-020 [classified 
as 05 I(n)fp] on the northern edge of the NllF region (cf. 
Figure [Tsll. 

Furthermore, Nl 1-004 [09.7 lb] is the bright star in Nl IG, 
and Nl 1-058 [05.5 V((f))] is one of two visually bright stars in 
Nl II, the other being Nl 1-102 [B0.2 V]. Both Nl IG and Nl II 
appear as small 'bubbles' in near-IR images, presumably driven 
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Fig. 10. A section of the blue-region spectrum of NGC 330-023, highlighting the double-peaked emission in the He i lines at 
A4471 and A4713. The lower spectrum is at full-resolution, but has been filtered to remove cosmic rays using a 7 -pixel median 
filter The upper spectrum has been smoothed with a 1.5 A FWHM filter. The lines marked in the lower spectrum are He i A4388, 
and He ii AA4542, 4686. 
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Fig. 11. Co-added spectra of NGC 330-023 from the two epochs of HR03 observations. Both spectra have been 7-pixel median 
filtered for clarity. Note the change in structure of the emission at HS, and the apparent wavelength invariance of the (albeit 
broadened or infilled) He i A4143 line. 



by the ionization and/or the stellar winds from these stars. We 
have also observed Nll-029 [OC9.7 lb] in NllH, which ap- 
pears radially smaller than NllG and Nlll. 

The densest regions in Nil, i.e. NllB (LHI O) and NllC 



(LH13) have been d emonstrated by other authors (jPa rker et al. 
19921; IWalbom & Parker 1992; .Hevdari-Malaveri et al. .2000; 
Barba et al ■l2003h to have rich, young populations of early-type 
stars. The general consensus is that this region is a two-stage 
starburst, with the evolution of LH9 triggering star-formation 



around it. For the first time the FLAMES survey has observed 
the regions to the south and west of LH9 - whilst much smaller 
in size and stellar content, we find newly discovered O-type 
stars as the likely source of ionization and dynamic energy for 
the observed nebulae. 

To place this region in context, the 'bigger picture' is dra- 
matically illustrated by the cover image of Edition #80 of 
the National Optical Astronomy Observatory /National Solar 
Observatory (NOAO/NSO) Newsletter. This features an im- 



C. J. Evans et al.: FLAMES Survey of Massive Stars: LMC & SMC clusters 



15 




Fig. 12. H-R diagrams for the four FLAMES fields in the Magallanic Clouds. Open circles denote foreground stars, open triangles 
are em ission-line objects, and likely bina ries are indicated with c rosses. The evolutionary tracks are taken from ISchaerer et al] 
(Il993h for Nil and NGC 2004, and from iCharbonnel et all (1 19931) for NGC 330 and NGC 346. 



Table 2. Overview of the distribution of spectral types of the FLAMES survey, including the Galactic clusters from Paper I. 



Field 


O 


Early-B 


Late-B 


AFG 


Total 






(BO-3) 


(B5-9) 






MW:0NGC 3293 




48 


51 


27 


126 


MW:0NGC4755 




54 


44 


10 


108 


MW:0NGC 6611 


13 


28 


12 


32 


85 


SMC: NGC 330 


6 


98 


11 


10 


125 


SMC: NGC 346 


19 


84 


2 


11 


116 


LMC: NGC 2004 


4 (+ 1 WR) 


101 


6 


7 


119 


LMC: Nil 


44 


76 




4 


124 


Total 


87 


489 


126 


101 


803 



age of Nl 1 from the Magellanic Clouds Emission Line Survey 
(credited to Drs. S. Points, C. Smith, and M. Hanna). In addi- 
tion to N12, N13, and N14, the image includes t he significantl y 
extended shell of gas that constitutes NIO from lHenize (Il956l) . 



8.3. 'Blue stragglers' in NGC 330 



Blue s traggl ers were reported in NGC 330 by iLennon et al 



(Il993h . with iGrebel et al 



19961) arguing that they might be 
a product of binary evolution. Blue stragglers are thought 
to arise from either mass-exchange or stellar mergers (e.g. 
Pols & Marinusll 19941) . with recent studies of globular clusters 
suggesting that both channels play a role dPavies et aLi2004i) . 



Six of our targets in the NGC 330 observations are late O-type 
stars, three of which are less than 5' from the centre of the 
cluster: NGC 330-023 (see Section |6331i, NGC 330-049, and 
NGC 330-123. 

In particular, NGC 330-123 (R74-B18) is classified here as 
09.5 V, cf. BO Ve fr omEennoneLalJ il993) and 09 lll/Ve from 
Grebel et al. I (ll996l who were quoting unpublished types from 



Lennon). Narrow (and weak) emission is seen in the core of the 
Ha Balmer line in the UVES spectrum of NGC 330-123, but is 
accompanied by [N 11] emission so t he origins are likely neb- 
ular. Indeed, iKeller & Besselll (119981) note that there is an el- 
liptical region of diffuse nebular emission centred on this star, 
it would appear that NGC 330-123 is the ionization source of 
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this nebulosity. Interestingly, the radial velocity of NGC 330- 
123 is 177 km/s (with standard deviation, a = 5), i.e. different 
fro m the systemic velo city of the cluster which is ^155 km/s 
(e.g. lLennon et al.ll2003 ). Binarity is a possible explanation of 
this difference, but additional spectra at other epochs (October 
1992 and October 1995), though of lower resolution, are in 
good agreement with the FLAMES data. If this star is coeval 
with the cluster then its current radial velocity might indicate 
a previous, though relatively recent ejection event. Its radial 
velocity however is similar to the three more distant O-type 
stars in the NGC 330 field: NGC 330-013, NGC 330-046 and 
NGC 330-052, which have Vr = 176, 177 and 166 km s"^ re- 
spectively. Two of these NGC 330-013 and NGC 330-052, are 
found to be helium rich jMokiem et al.l2006l) . whilst NGC 330- 



123 h as also been reported as helium rich by iLennon et al 



(I1993L note that this paper erroneously refers to R74-A01 as 
helium rich, when it should actually refer to R74-B18, i.e. 
NGC 330-123). All four stars could perhaps be considered as 
members of the general field population which, from the H-R 
diagram (Figure O, can be seen to extend well beyond the 
notional cluster turn-off - as represented by the ^20 stars with 
spectral types earlier than B 1 . We note that the majority of these 
stars have radial velocities rather different from the cluster ra- 
dial velocity, suggesting that the probable number of true blue 
stragglers in this field belonging to NGC 330 is small. 

Both NGC 330-023 and NGC 330-049 are lat e O-type stars 



with velocities consistent with the cluster (cf. iLennon et al 



20031) . although the pecularities of NGC 330-023 have already 
been discussed in Section l6.3.3l At respective radial distances 
of 2.3' and 4.5' they are not immediately proximate to the clus- 
ter core, but are perhaps outer members of the cluster and there- 
fore could be true blue stragglers. 

The situation for NGC 2004 is qualitatively similar to that 
of NGC 330. The Wolf-Rayet and 02-3 stars stand out as po- 
tential blue stragglers but are more likely field stars, though the 
presence of an 02-3 star in the field is unusual in itself. One fur- 
ther candidate blue straggler is NGC 2004-019, which is close 
to the core, with = 1.5'. 

8.4. Incidence of Be-stars 

The numbers of Be-type stars in each FLAMES pointing are 
summarised in Table [3] The observed field-population of B- 
and Be-type stars in our NGC 330 and NGC 2004 pointings 
should be relatively unaffected by specific selection effects 
(Section I2.4l l. aside from the slightly different ('^0.5™) faint 
cut-off of the observations. 

The Be-stars in Table [3] include some in the outer regions 
of the clusters themselves. As an experiment, we considered 
the B-type stars with > 2' in NGC 330 and NGC 2004 to 
sample the field population away from the main clusters. All 
stars in the range BO-3 were counted and then the relative per- 
centage of those that are seen to be Be-type stars was found. In 
NGC 2004 this ratio for the field population (i.e. Be / [Be+B]) 
was 16% (13/81), compared to 23% (18/77) in NGC 330. It is 
difficult to quantify the uncertainties in these results. Is there 
any effect in terms of absolute magnitude? As a further ex- 



periment (and still with the > 2' condition) we considered 
the early B-type stars in our NGC 330 data with V < 16.03. 
Taking the difference of the distance moduli of the Clouds as 
0.4™, and allowing for the fact that the 'typical' extinction to- 
ward the LMC is --0.1™ greater than the SMC dMassey et al 



1995h . this notionally imposes a similar cut-off as that in the 
NGC 2004 data. The Be-fraction for the NGC 330 field popu- 
lation remains robust at 24% (11 Be/45 BeH-B). 

Our resu l ts are in reasonable agreement with those from 
Keller et al.' ('1999^ and, fo r NGC 2004 , match those of 
Martavan et al. (2006). Both ^ Keller et al.l and iMartavan et al 



advanced their results as a lack of evidence for a strong depen- 
dence of the Be-fraction with metallicity when c ompared to the 
gener al result for the Milky Way of --17-20% JZorec & Brioj 
1997). This is in contrast to the results for clusters from 



Maeder et all (Il999h . The statistics in our NGC 346 and Nil 
data do not provide a meaningful test of the relative numbers 
of Be stars at different metallicities. Aside from a likely mix 
of field and cluster populations in the NGC 346 pointing, the 
Nil region is even less suited given its complex star-formation 
history. 

8.5. Binaries and ttie binary fraction 

With the time-sampling provided by the service-mode observa- 
tions we are reasonably sensitive to detection of binarity in our 
SMC and LMC tai-gets. In Appendix lAl we give full details of 
the observational epochs of the FLAMES spectra. The obser- 
vations in both Nil and NGC 2004 spanned a total of 57 days, 
and those in NGC 346 covered 84 days. The time-coverage of 
the majority of the NGC 330 data is not as extensive as for the 
other fields, covering 10 days. The new HR03 (A4124) data of- 
fer some extra information in this regard (e.g. Section |6. 3. 3l l. 
However, given the relatively poor signal-to-noise in the 2003 
data it is difficult to compare measured velocities meaningfully 
- from these comparisons a number of stars are flagged as hav- 
ing potentially variable velocities. 

The FLAMES data are sufficient to derive periods for some 
of the newly discovered systems, the most interesting of which 
will receive a detailed treatment in a future study. The inci- 
dence of binaries in summarised in Table [3] We stress that 
stars considered as multiple in this discussion are those listed in 
Tables|l|5l|6l and|7]as 'Binary' (be they SBl, SB2 or not spec- 
ified). Stars suggested to perhaps demonstrate Vr variations are 
not considered further, pending follow-up. As such, the per- 
centages in Table |2] serve as strong, lower limits on the binary 
fraction in our fields. 

In young, dense clusters multiplicity seems a com- 



mon, almost ubiquitous feature. iGarcia & MermilliodI ( 1200 Ih 
found a significant binary fraction (79%) in the very y oung 
Galactic cluster NG C 6231, and IWeigelt et all d 19991) and 



Preibisch et al. I (ll999l) highlighted the high degree of multiplic- 
ity found in the massive members of the Orion Nebula, suggest- 
ing a different mode of star formation to that at lower masses 
(in which the binary fraction is lower). 

The formation mechanism of massive stars is still a point 
of significant debate. In their discussion of the competing 
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scenarios of massive-star formation from accretion versus 
stellar mergers, 



Ballv & Zinneckeii (I2005h suggest that the 



multiple star fract ion will be larger if merging dominates. 
Ballv & Zinnecker also suggest that mergers may be the domi- 
nant process in ultradense regions such as 30 Doradus; perhaps 
the high binary fraction of O- and early B-type stars in Nil 
is indicative of this mode of star-formation, remembering that 
36% is a solid, lower limit obtained from a programme that was 
not optimised for detection of binaries. 

By comparison, the low binary fraction in the NGC 330 tar- 
gets is somewhat puzzling. Although few er binaries are gen - 



erally found in the field population (e.g. iMason et al.lll998l) 



the NGC 330 fraction is significantly lower than that for 
NGC 2004, which similarly samples the field (see Figures [T4l 
and[T6]i. We speculate that, whilst the new HR03 data added an 
additional epoch to the time-sampling for the NGC 330 targets, 
it is still not as thorough as for the other fields. 

9. Summary 

Quantitative analyses of different subsets of the FLAMES sur- 
vey are now underway by various gro ups, e.g. Du fton et al. 



(submitted); Hunter et al. (submitted); iMokiem et al.l (l2006h 



Here we have presented a significant dataset of high-resolution 
observations of early-type stars in the Magellanic Clouds, 
giving stellar classifications and radial velocities, and not- 
ing evidence of binarity from the multi-epoch observations. 
Spectral peculiarities were discussed, in particular with re- 
gard to emission-line spectra. We have found a relatively large 
number of Be-type stars that display permitted Fe II emission 
lines. We find that in nearly all the spectra with EW(Hq!) > 
20 A, Fe II is seen in emission. We do not find evidence for 
a metallicity-dependent scaling of the required Ha equivalent 
width f or Fe II emission to be present, contrary to the sugges- 
tion by iMartayan et al.l (120061) . We have tentatively explored 
the relative fraction of Be- to normal B-type stars in the field- 
regions of NGC 330 and NGC 2004, finding no compelling ev- 
idence of a strong trend with metalUcity for field stars. 

We have investigated previously unexplored regions around 
the central LH9/LH10 complex of Nil, finding ~25 new O- 
type stars from our spectroscopy. Furthermore, to the north of 
LHIO we have discovered a very hot, potential runaway star 
(Nl 1-026) that we classify as 02.5 lll(f*). 

For three of our fields we find lower limits to the binary 
fraction of O- and early B-type stars of 23 to 36%. Following 
identification of a relatively large number of binaries, more so- 
phisticated methods will be used in a subsequent paper to char- 
acterise as many of these systems as possible. NGC 346-013 
is particularly interesting with an apparently hotter, more mas- 
sive, but less luminous secondary component. 

The overall distribution of the targets observed in the VLT- 
FLAMES survey of massive stars is summarised in Table |2] 
The large number of O-type stars observed will provide al- 
low for better sampling of this domain, building on the signifi- 
cant studies bv ,Massev et al. (2004, 2005). In the early B-type 
domain the FLAMES survey is truly unique, allowing precise 
abundance determinations of a hitherto impossible number of 
stars (Hunter et al., submitted), enabling us to really address 



some of the unsolved questions regarding the dependence of 
stellar evolution on metallicity. 



Acknowledgements: We are very grateful to Francesca 
Primas and the staff at Paranal for their invaluable assistance 
with the observational programme, and to Nolan Walborn for 
his comments on the manuscript. We also thank Mike Irwin 
for processing the Nil and NGC 2004 images, and Andreas 
Kaufer for reducing the FLAMES -UVES data. Finally we 
thank the referee, Dr Anne-Marie Hubert, for her useful com- 
ments & suggestions. CJE acknowledges financial support 
from the UK Particle Physics and Astronomy Research Council 
(PPARC) under grant PPA/G/S/2001/00131, and the contin- 
ued support of the other members of the FLAMES massive 
star consortium. SJS acknowledges support from the EURYI 
scheme. 

References 

Ardeberg, A., Brunet, J. P., Maurice, E., & Prevot, L. 1972, 

A&AS, 6, 249 
Arp, H. C. 1959, AJ, 64, 254 
Azzopardi, M. & Vigneau, J. 1975, A&AS, 22, 285 
Azzopardi, M. & Vigneau, J. 1982, A&AS, 50, 291 
Ballester, P, Boitquin, O., Modigliani, A., & Wolf, S. 2004, 

UVES Pipeline User Manual, 2nd edn. 
Bally, J. & Zinnecker, H. 2005, AJ, 129, 2281 
Balona, L. A. 1994, MNRAS, 268, 119 
Balona, L. A. & Jerzykiewicz, M. 1993, MNRAS, 260, 782 
Barba, R. H., Rubio, M., Roth, M. R., & Garcia, J. 2003, AJ, 

125, 1940 

Bencivenni, D., Brocato, E., Buonanno, R., & Castellani, V. 

1991, AJ, 102, 137 
Bertrand, J.-F, St-Louis, N., & Moffat, A. F J. 1998, in 

Boulder-Munich 11: Properties of Hot, Luminous Stars, 

ed. I. D. Howarth (ASP Conference Series vol. 131, San 

Francisco), 376 
Blaauw, A. 1961, Bull. Astron. Inst. Netherlands, 15, 265 
Blecha, A., North, P, Royer, F, & Simond, G. 2003, BLDR 

Software - Reference Manual, 1st edn. 
Bouchet, P., Lequeux, J., Maurice, E., Prevot, L., & Prevot- 

Burnichon, M. L. 1985, A&A, 149, 330 
Bouret, J.-C, Lanz, T., HilHer, D. J., et al. 2003, ApJ, 595, 1 182 
Breysacher, J. 1981, A&AS, 43, 203 

Carney, B. W., Janes, K. A., & Flower, P J. 1985, AJ, 90, 1 196 
Charbonnel, C, Meynet, G., Maeder, A., Schaller, G., & 

Schaerer, D. 1993, A&AS, 101, 415 
Crowther, P A., HilUer, D. J., Evans, C. J., et al. 2002, ApJ, 

579, 774 

Crowther, P A., Lennon, D. J., & Walborn, N. R. 2006, A&A, 
446, 279 

Davies, M. B., Piotto, G., & de AngeH, F 2004, MNRAS, 349, 
129 

Evans, C. J. & Howarth, I. D. 2003, MNRAS, 345, 1223 
Evans, C. J., Howarth, I. D., Irwin, M. J., Burnley, A. W., & 
Harries, T. J. 2004, MNRAS, 353, 601 



18 C. J. Evans et al.: FLAMES Survey of Massive Stars: LMC & SMC clusters 

Table 3. Overview of the number of Be-type stars and binaries in the LMC and SMC sample 



Field 


0(+ Oe) 


Early-B 
(BO-3) 


Be 


Total 

(O+Early- 
B) 


Binary 
Fraction 


SMC:NGC330 


6 


76 


22 


104 




Binary 




3 


/ 


4 


4% 


SMC:NGC346 


19 


59 


25 


103 




Binary 


4 


19 


4 


27 


26% 


LMC: NGC 2004 


4 


83 


18 


105 




Binary 


; 


21 


2 


24 


23% 


LMC: Nil 


44 


68 


8 


120 




Biiuiry 


19 


21 


3 


43 





Evans, C. J., Smartt, S. J., Lee, J.-K., et al. 2005, A&A, 437, 

467, (Paper I) 
Fabregat, J. & Torrejon, J. M. 2000, A&A, 357, 451 
Feast, M. W. 1972, MNRAS, 159, 113 
Feast, M. W. & Black, C. 1980, MNRAS, 191, 285 
Fitzgerald, M. P. 1970, A&A, 4, 234 
Fitzpatrick, E. L. 1988, ApJ, 335, 703 
Fitzpatrick, E. L. 1991, PASP, 103, 1123 
Garcia, B. & Mermilliod, J.-C. 2001, A&A, 122, 136 
Garmany, C. D., Conti, P. S., & Massey, P 1987, AJ, 93, 5 
Gibson, B. K. 2000, Mem. Soc. Astron. Ital., 71, 693 
Grebel, E. K., Richtler, T., & de Boer, K. S. 1992, A&A, 254, 

5 

Grebel, E. K., Roberts, W. J., & Brandner, W. 1996, A&A, 311, 
470 

Hanuschik, R. W. 1987, A&A, 173, 299 
Hanuschik, R. W. 1995, A&A, 295, 423 
Hanuschik, R. W., Hummel, W., Dietle, O., & Sutorius, E. 

1995, A&A, 300, 163 
Harries, T. J., Hilditch, R. W., & Howarth, L D. 2003, MNRAS, 

339, 157 
Henize, K. G. 1956, ApJS, 2, 315 

Heydari-Malayeri, M., Charmandaris, V., Deharveng, L., et al. 

2001, A&A, 372, 527 
Heydari-Malayeri, M., Royer, P., Rauw, G., & Walborn, N. R. 

2000, A&A, 361, 877 
Heydari-Malayeri, M. & Tester, G. 1985, A&A, 144, 98 
Hillenbrand, L. A., Massey, P., Strom, S. E., & Merrill, K. M. 

1993, AJ, 106, 1906 
Howarth, 1. D. 1983, MNRAS, 203, 301 
Hummel, W., Gassier, W., Muschielok, B., et al. 2001, A&A, 

371,932 

Hummel, W. & Vrancken, M. 2000, A&A, 359, 1075 
Irwin, M. J. & Lewis, J. 2001, NewAR, 45, 105 
Israel, F P & Koornneef, J. 1991, A&A, 248, 404 
Keller, S. C. & Bessell, M. S. 1998, A&A, 340, 397 
Keller, S. C, Wood, P R., & Bessell, M. S. 1999, A&AS, 134, 
489 

Korn, A. J., Daflon, S., Nieva, M. F, & Cunha, K. 2005, A&A, 



633, 899 

Korn, A. J., Keller, S. C, Kaufer, A., et al. 2002, A&A, 385, 

143 

Kudritzki, R.-P, Cabanne, M. L., Husfeld, D., et al. 1989, 

A&A, 226, 235 
Lennon, D. J. 1997, A&A, 317, 871 

Lennon, D. J., Dufton, P L., & Crowley, C. 2003, A&A, 398, 
455 

Lennon, D. J., Mazzali, P. A., Pasian, P., Bonifacio, P., & 

Castellani, V. 1993, SSRv, 66, 169 
Lucke, P B. & Hodge, P W. 1970, AJ, 75, 171 
Maeder, A., Grebel, E. K., & Mermilliod, J.-C. 1999, A&A, 

346, 459 

Martayan, C, Hubert, A.-M., Floquet, M., et al. 2006, A&A, 
445,931 

Mason, B. D., Gies, D. R, Hartkopf, W. I., et al. 1998, AJ, 1 15, 
821 

Massey, P., Bresolin, F, Kudritzki, R.-P, Puis, J., & Pauldrach, 

A. W. A. 2004, ApJ, 608, 1001 
Massey, P., Lang, C. C, DeGioia-Eastwood, K., & Garmany, 

C. D. 1995, ApJ, 438, 188 
Massey, P, Parker, J. W., & Garmany, C. D. 1989, AJ, 98, 1305 
Massey, P, Puis, J., Pauldrach, A. W. A., et al. 2005, ApJ, 627, 

477 

Mazzali, P A., Lennon, D. J., Pasian, F., et al. 1996, A&A, 316, 
173 

McGregor, P J. & Hyland, A. R. 1984, ApJ, 277, 149 
Meyssonnier, N. & Azzopardi, M. 1993, A&AS, 102, 451 
Mihalas, D. 1972, ApJ, 177, 115 

Mokiem, M. R., de Koter, A., Evans, C. J., et al. 2006, A&A, 
in press 

Momany, Y., Vandame, B., Zaggia, S., et al. 2001, A&A, 379, 
436 

Morrell, N., I., Walborn, N. R., & Fitzpatrick, E. L. 1991, PASP, 
103,341 

Naze, Y., Antokhin, I. I., Rauw, G., et al. 2004a, A&A, 418, 

841 

Naze, Y, Hartwell, J. M., Stevens, I. R., et al. 2003, ApJ, 586, 
983 



C. J. Evans et al.: FLAMES Survey of Massive Stars: LMC & SMC clusters 



19 



Naze, Y., Manfroid, J., Stevens, I. R., Corcoran, M. R, & 

Hores, A. 2004b, ApJ, 608, 208 
Negueruela, I., Steele, I. A., & Bemabeu, G. 2004, Astron. 

Nachr., 325, 749 
Niemela, V. S., Marraco, H. G., & Cabanne, M. L. 1986, PASP, 

98, 1133 

Parker, J. W., Garmany, C. D., Massey, R, & Walborn, N. R. 

1992, AJ, 103, 1205 
Pols, O. R. & Marinus, M. 1994, A&A, 288, 475 
Preibisch, T., Balega, Y., Hofmann, K.-H., Weigelt, G., & 

Zinnecker, H. 1999, New A, 4, 531 
Relaiio, M., Peimbert, M., & Beckman, J. 2002, ApJ, 564, 704 
Robertson, J. W. 1974, A&AS, 15, 261 
Sanduleak, N. 1968, AJ, 73, 246 

Sanduleak, N. 1969, Contrib. Cerro Tololo Inter-American 
Obs., No. 89 

Schaerer, D., Meynet, G., Maeder, A., & Schaller, G. 1993, 

A&AS, 98, 523 

Schmidt-Kaler, T. 1982, in Landolt-Bornstein, Group VI, Vol 

2b, ed. K. Schaifers & H. H. Voigt (Springer- Verlag), 1 
Sebo, K. M. & Wood, P R. 1994, AJ, 108, 932 
Slettebak, A. 1982, ApJS, 50, 55 

Smith, L. R, Shara, M. M., & Moffat, A. R J. 1996, MNRAS, 

281, 163 

Trundle, C. & Lennon, D. J. 2005, A&A, 434, 677 
Trundle, C, Lennon, D. J., Puis, J., & Dufton, P. L. 2004, A&A, 
417,217 

Vacca, W. D., Garmany, C. D., & ShuU, M. J. 1996, ApJ, 460, 
914 

Walborn, N. R. 1977, ApJ, 215, 53 
Walborn, N. R. 1980, ApJS, 44, 535 
Walborn, N. R. & Fitzpatrick, E. L. 1990, PASP, 102, 379 
Walborn, N. R. & Fitzpatrick, E. L. 2000, PASR 1 12, 50 
Walborn, N. R., Howarth, 1. D., Lennon, D. J., et al. 2002, AJ, 
123, 2754 

Walborn, N. R., Lennon, D. J., Haser, S. M., Kudritzki, R.-P, 

& Voels, S. A. 1995, PASP, 107, 104 
Walborn, N. R., Lennon, D. J., Heap, S. R., et al. 2000, PASP, 

112, 1243 

Walborn, N. R., Morrell, N. 1., Howarth, 1. D., et al. 2004, ApJ, 
608, 1028 

Walborn, N. R. & Parker, J. W. 1992, ApJ, 399, L87 
Walker, M. F 1961, ApJ, 133, 438 
Walker, M. F 1987, PASP, 99, 179 

Weigelt, G., Balega, Y, Preibisch, T., et al. 1999, A&A, 347, 
L15 

Wellmann, R 1952, Zs. Astrophys., 30, 96 
Woolley, R. v. d. R. 1963, Roy. Obs. Bull., 66, 263 
Zorec, J. & Briot, D. 1997, A&A, 318, 443 



20 



C. J. Evans et al.: FLAMES Survey of Massive Stars: LMC & SMC clusters 



Table 4: NGC 346: Observational parameters of target stars. Cross-references to identifications 
by Sanduleak 1 1968, Sli). Azzopardi & Vigneau (1975, 1982. AzV), Niemela et al. (1986. NMC), 
iMassev et al. ( 1989, MPG), Meyssonnier & Azzopardi : 1993, MA93). Keller et al. ( 1999, KWB), and 
lEvans et al.i l2Q04i , 2dFS) are given in the final column. The radial velocities ( vr, in km s ^ ^ ) and radial 
distances to the centre of the cluster (r^ , in arcmin) are given for each star. 



ID 


EIS# 




O^ZUtJU) 


I'd 


V 


B — V 


Sp. Type 




Comments 


NGC 346-001 1 


SMC5_083194 


00 59 31.94 


—72 10 46.05 


01.07 


12.31 


—0.19 


07 laf-t- 


Binary 


Sk 80, AzV 232, MPG 789, Ha — broad em. 


NGC 346-002 


SMC5_082844 


00 58 06.39 


—72 07 05.47 


06.62 


13.22 


—0.04 


A2: lab 




FLAMES-UVES target 


NGC 346-003 


SMC5_082834 


00 58 47.62 


—72 13 31.01 


03.58 


13.56 


0.62 


GO: 




FLAMES-UVES target; foreground 


NGC 346-004 


SMC5_082667 


00 57 37.22 


—72 13 09.12 


08.06 


13.69 


—0.16 


Be (Bl:) 


106: (8) 


MA93#1021, AzV 191; Hq = twin em. 


NGC 346-005 


SMC5.072019 


00 57 21.47 


-72 13 33.70 


09.33 


13.88 


—0.02 


AO II 


162 (5) 




NGC 346-006 


SMC5_000969 


00 59 51.39 


—72 14 49.23 


04.76 


14.02 


0.15 


F2: 




FLAMES-UVES target 


NGC 346-007 


SMC5_079542 


00 58 57.40 


—72 10 33.53 


01.59 


14.07 


—0.28 


04 V((f+)) 


Binary (SBl) 


MPG 324, NMC 32 


NGC 346-008 


SMC5_081043 


00 59 15.99 


—72 04 44.46 


06.06 


14.20 


—0.20 


Ble 


158 (6) 


AzV 224; Hct = twin em. 


NGC 346-009 


SMC5_028909 


00 59 51.32 


—72 11 28.57 


02.64 


14.36 


—0.25 


BOe 


154 (7) 


MPG845, MA93#1 167, Hct = broad em. 


NGC 346-010 


SMC5_00O836 


00 59 20.70 


—72 17 10.52 


06.38 


14.37 


—0.22 


07 IIIn((f)) 


208: (8) 


AzV 226 


NGC 346-01 If 


SMC5_075100 


00 57 29.49 


—72 16 00.40 


09.80 


14.39 


—0.12 


B9 II 


160 (10) 




NGC 346-012 


SMC5_001361 


00 58 14.46 


—72 07 29.51 


05.88 


14.39 


—0.23 


Bl lb 


181 (13) 


AzV 202 


NGC 346-013 


SMC5_072124 


00 59 30.36 


—72 09 09.59 


01.89 


14.46 


0.06 


Bl: 


Binary (SB2) 


MPG 782 


NGC 346-014 


SMC5_026814 


00 59 50.36 


—72 13 57.16 


04.01 


14.58 


0.01 


AO II 


164 (5) 


2dFS#1425 


NGC 346-015 


SMC5_022635 


00 59 01.95 


—72 18 52.91 


08.17 


14.62 


—0.30 


Bl V 


Binaiy (SB2) 


AzV 217, 2dFS#1357 


NGC 346-016 


S]V1C5_089653 


00 59 36.19 


—72 15 56.74 


05.33 


14.65 


—0.23 


BO. 5 Vn 


Binary (SB2) 


2dFS#5100 


NGC 346-017 


SMC5_007202 


00 58 1 1.94 


—72 04 02.06 


08.44 


14.67 


—0.22 


Be (Bl) 


Binary 


Hq — twin em. 


NGC 346-018 


SMC5_038701 


00 58 47.10 


—72 13 01.57 


03.25 


14.78 


—0.12 


09.5 Ille 


164 (3) 


MPG 217, Ha = em. 


NGC 346-019 


SMC5_031737 


00 59 05.56 


—72 08 02.38 


02.92 


14.82 


—0.03 


AO II 


162 (3) 




NGC 346-020 


SMC5_005500 


00 57 46.46 


—72 12 45.01 


07.27 


14.89 


—0.22 


Bl V+early-B 


Binary (SB2) 


2dFS#1259 


NGC 346-021 


SMC5_000965 


00 59 19.58 


—72 14 50.47 


04.04 


14.90 


—0.18 


Bl III 


166 (11) 


2dFS#5099 


NGC 346-022 


SMC5_005834 


00 59 18.59 


—72 11 09.89 


00.37 


14.91 


—0.26 


09 V 


156 (6) 


MPG 682, NMC 40 


NGC 346-023 


SMC5_029130 


00 58 41.86 


—72 11 17.55 


02.81 


14.92 


—0.07 


BO. 2: (Be-Fe) 


161 (6) 


MPG 178, MA93#1089, NMC 45, 2dFS#5097 


NGC 346-024t 


SMC5_078074 


00 59 06.38 


—72 07 44.97 


03.18 


14.92 


—0.17 


B2: shell (Be-Fe) 


151 (5) 


MA93#1118, KWB346#205,Ha = twin 


NGC 346-025 


SMC5_056190 


00 59 52.93 


—72 10 49.07 


02.67 


14.95 


—0.27 


09 V 


Binary (SBl) 


MPG 848 


NGC 346-026t 


SMC5_056277 


00 58 14.10 


—72 10 44.18 


04.89 


14.98 


—0.14 


BO IV (Nstr) 


222 (17) 


MPG 12, 2dFS#1299 


NGC 346-027 


SMC5_032353 


00 59 00.92 


—72 07 18.16 


03.73 


15.00 


—0.24 


BO. 5 V 


166: (6) 




NGC 346-028 


SMC5_069506 


00 58 31.77 


—72 10 57.92 


03.54 


15.01 


—0.26 


0C6 Vz 


178 (8) 


MPG 1 13 


NGC 346-029 


SMC5_055586 


00 59 14.53 


—72 11 59.77 


01.23 


15.02 


—0.19 


BO V 


Binary (SBl) 


MPG 637, NMC 50 


NGC 346-030 


SMC5_000991 


00 58 55.97 


—72 14 37.59 


04.18 


15.02 


—0.21 


BO V 


Binary 


2dFS#5098 


NGC 346-03 1 


SMC5_034478 


00 59 54.04 


—72 04 31.28 


06.86 


15.02 


—0.26 


08 Vz 


159 (11) 




NGC 346-032 


SMC5_034263 


00 59 24.81 


—72 04 47.68 


06.03 


15.06 


—0.26 


BO. 5 V 


174 (11) 




NGC 346-033t 


SMC5_089286 


00 59 1 1.62 


—72 09 57.52 


00.97 


15.07 


—0.25 


08 V 


189: (3) 


MPG 593 


NGC 346-034 


SMC5_029400 


00 59 05.90 


—72 10 50.28 


00.93 


15.08 


—0.26 


08.5 V 


Binary (SB 1 ) 


MPG 467, NMC 18 


NGC 346-035 


SMC5_001453 


00 59 46.61 


—72 05 32.45 


05.70 


15.09 


—0.23 


Bl V 


Binary (SB2) 


2dFS#1418 


NGC 346-036t 


SMC5_233890 


00 59 23.33 


—72 12 00.62 


01.28 


15.11 


—0.07 


BO. 5 V (Be-Fe) 


Binary? 


MPG 729, MA93#1 144 


NGC 346-037 


SMC5_032995 


00 59 18.84 


—72 06 29.27 


04.31 


15.18 


—0.21 


B3 III 


153 (13) 




NGC 346-038 


SMC5_079698 


00 58 51.33 


—72 05 10.25 


05.99 


15.18 


—0.24 


Bl V 


180 (7) 


variable Vj^l 


NGC 346-039 


SMC5_075002 


00 57 47.42 


—72 16 40.44 


09.08 


15.19 


—0.20 


BO. 7 V 


156 (13) 


2dFS#1262 


NGC 346-040 


SMC5_005698 


00 58 23.59 


—72 11 53.20 


04.30 


15.23 


—0.16 


BO. 2 V 


Binary (SBl) 


MPG 61 


NGC 346-041 


SMC5_024945 


00 57 44.32 


—72 16 10.72 


08.96 


15.24 


0.01 


B2 (Be-Fe) 


176 (9) 


MA93#1030, Hq =broad em. 


NGC 346-042 


SMC5_067681 


00 59 36.26 


—72 18 26.32 


07.77 


15.28 


0.09 


A7 II 


122 (5) 




NGC 346-043 


SMC5_075935 


00 58 13.95 


-72 09 19.04 


05.12 


15.36 


—0.23 


BOY 


172 (16) 


MPG 11 


NGC 346-044 


SMC5_081656 


00 59 26.46 


-72 13 11.78 


02.48 


15.38 


—0.22 


Bl II 


146 (11) 


MPG 753 


NGC 346-045 


SMC5_069093 


00 58 24.19 


—72 12 46.82 


04.57 


15.43 


—0.20 


BO. 5 Vne 


155 (5) 


MPG 64, MA93#1070, Ha = broad em. 


NGC 346-046 


SMC5_027160 


00 59 31.84 


—72 13 35.24 


02.98 


15.44 


—0.28 


07 Vn 


250: (8) 




NGC 346-047 


SMC5_006207 


00 57 03.23 


—72 09 15.03 


10.43 


15.45 


—0.19 


B2.5 III 


137 (13) 


2dFS#l 189 


NGC 346-048 


SMC5_028019 


00 58 47.50 


—72 12 36.57 


02.95 


15.47 


—0.21 


Be (B3 shell) 


165 (7) 


MPG 222, KWB346#377, t. Ha = twin 


NGC 346-049 


SMC5_026567 


00 57 37.55 


—72 14 17.54 


08.44 


15.50 


—0.05 


B8 II 


144 (11) 




NGC 346-050 


SMC5.075959 


00 58 55.22 


—72 09 06.57 


02.43 


15.50 


—0.30 


08 Vn 


160 (5) 


MPG 299 


NGC 346-05 1 


SMC5_038979 


00 59 08.68 


—72 10 14.08 


00.91 


15.51 


—0.26 


07 Vz 


169 (9) 


MPG 523, NMC 38 


NGC 346-052 


SMC5_000921 


00 58 07.49 


—72 15 47.98 


07.36 


15.52 


—0.23 


B1.5 V 


Binary (SBl) 




NGC 346-053 


SMC5_004887 


00 57 57.68 


—72 16 02.24 


08.07 


15.52 


—0.25 


BO. 5 V 


Binaiy (SBl) 




NGC 346-054 


SMC5_038674 


00 58 56.51 


—72 13 13.43 


02.93 


15.59 


—0.15 


Bl V 


164 (8) 


MPG 309 


NGC 346-055 


SMC5_001131 


00 58 27.59 


—72 11 54.55 


04.01 


15.59 


—0.15 


BO. 5 V 


176 (6) 


MPG 84, MA93#1072 


NGC 346-056 


SMC5_079574 


00 58 56.12 


—72 09 33.84 


02.08 


15.59 


—0.26 


BO V 


178 (11) 


MPG 310, NMC 48 


NGC 346-057 


SMC5_032947 


00 59 52.69 


—72 06 29.50 


05.06 


15.62 


—0.23 


B2.5 III 


143 (9) 


MA93#1 169, KWB346#526,t,str. nebular lines 


NGC 346-058 


SMC5_001067 


00 59 31.53 


—72 13 06.46 


02.53 


15.63 


—0.22 


BO. 5 V 


Binary (SBl) 


MPG 787 


NGC 346-059 


SMC5_076160 


00 58 04.83 


—72 07 17.70 


06.60 


15.64 


0.09 


A5 II 


188 (5) 




NGC 346-060 


SMC5_033513 


00 59 19.28 


—72 05 47.80 


05.00 


15.68 


—0.13 


B0.5e (shell) 


142 (5) 


MA93#1 140, KWB346#236, Ha = twin 


NGC 346-061 


SMC5_082792 


00 57 57.82 


—72 07 55.43 


06.78 


15.70 


—0.21 


Bl-2 (Be-Fe) 


152: (4) 


KWB346#122,2dFS#1277,t, Ha — broad em. 


NGC 346-062 


SMC5_039483 


00 59 56.61 


—72 05 08.50 


06.38 


15.70 


—0.24 


BO. 2 V 


136 (15) 




NGC 346-063 


SMC5_005036 


00 59 44.87 


—72 15 1 1.43 


04.85 


15.72 


—0.03 


AO II 


118 (5) 


2dFS#1413 


NGC 346-064 


SMC5_006226 


00 57 55.47 


—72 09 05.86 


06.54 


15.72 


—0.13 


Bl-2 (Be-Fe) 


162 (6) 


MA93#1043, KWB346#289, Ha =broad em. 


NGC 346-065 


SMC5_083005 


00 58 47.53 


—72 09 02.70 


02.92 


15.73 


—0.15 


B3 (Be-Fe) 


132 (8) 


MPG 228, KWB346#379, f, Ha = twin 


NGC 346-066 


SMC5_001152 


00 58 45.98 


—72 11 36.78 


02.58 


15.75 


—0.25 


09.5 V 


163 (5) 


MPG 213;variableiir? 


Nnr 346 067 


QivTr^5 nm^^^ 


An S7 'in 


70 Ctl HA 


07 29 


15 76 


Q Q4 


R 1 (Ki^ tJfj"! 
a I- A ti5e-r^e^ 


1 /z. (^5; 


ivi/\y jfFi ujo, ria — twin 


NGC 346-068 


SMC5.076404 


00 59 04.14 


-72 04 48.72 


06.08 


15.77 


-0.17 


BO V (Be-Fe) 


Binary 


Ha —broad em. 


NGC 346-069 


SMC5.005388 


00 57 07.29 


-72 13 19.31 


10.31 


15.80 


-0.10 


Bl-2 (Be-Fe) 


138: (6) 


MA93#981, Hq = broad em. 


NGC 346-070 


SMC5.026922 


00 59 15.49 


-72 13 52.21 


03.08 


15.82 


-0.22 


B0.5 V 


165: (13) 




NGC 346-071 


SMC5.052484 


01 00 04.21 


-72 16 47.56 


06.96 


15.84 


-0.07 


AO II 


178 (2) 




NGC 346-072t 


SMC5.055979 


00 58 22.65 


-72 11 17.86 


04.26 


15.84 


-0.10 


Bl-2 (Be-Fe) 


153 (6) 


MPG 54,MWB143,Hq = broad em. 


NGC 346-073 


SMC5.025100 


01 00 05.24 


-72 15 55.54 


06.27 


15.84 


-0.17 


Bl-2 (Be-Fe) 


143 (5) 


MA93#1 183, Hq = broad em. 


NGC 346-074 


SMC5.000748 


00 58 55.81 


-72 18 41.29 


08.07 


15.85 


-0.22 


B3III 


142 (12) 




NGC 346-075 


SMC5.006828 


00 59 25.96 


-72 06 01.45 


04.81 


15.85 


-0.26 


Bl V 


Binary (SBl) 


2dFS#1389 


NGC 346-076 


SMC5.055468 


00 59 12.12 


-72 12 11.69 


01.47 


15.87 


0.05 


B2 (Be-Fe) 


172: (4) 


MPG 596„KWB346#445,t, Hq = broad em. 


NGC 346-077 


SMC5.030292 


00 58 48.97 


-72 09 51.92 


02.41 


15.88 


-0.18 


09 V 


165 (6) 


MPG 238, NMC 39 


NGC 346-078 


SMC5.026141 


00 58 22.07 


-72 14 45.69 


05.83 


15.88 


-0.21 


B2III 


Binary 





continued on next page 
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Table 4: continued 



ID 


E1S# 


c-vf7000~l 


^/7000^ 




Y 


B — V 


Sp. Type 




Comments 




•^MPS 09QSzLd. 


00 so 0"^ OS 


79 1 zLd 07 


0l 15 


15 88 


—0 23 


BO 5 Vn 


168 (4) 


\/ipn 400 

ivir vj T-UU 


IN \J\^ J'+D-UoU 




no SQ 40 


79 in 10 S9 

— /z lu ly.jz 


rf9 99 

pz.zz 


1 S SO 

I J.07 


1 1 
— U. 1 1 


Bl V 


1A0- 

lOU. \0) 


ivirijZ'1-j, iNiviL.'f/, liOi — oroaO em.,neD.' 




<JMPS 097SSQ 
oiVll^ J_UZ / Jo7 


no ss on "^s 

uu Jo UU.Jo 


79 1 07 Sfi 
— /Z 1 J U / .oD 


06 38 


15 91 


—0 20 


B2 TTTn 


148 (10) 




iNUk- J'+D-UoZ 


QAyTPS nOA^QT 
oiVlL-J_UZOJO / 


no SS OS '59 
uu Jo Uo. JZ 


79 1 4 1 A 4Q 

— /z Lo.^y 


rfA ■^A 
0D. JO 


1 S 01 


91 
— U.Zl 


B2 in 


Dinary ^odi^ 








no so 98 07 

uu jy Zo.U / 


79 1 49 9*^ 


00 78 


15 91 


—0 24 


Bl V 


179- CS^ 
1 /z. yp) 


IVlrlJ / O / 




iJlVl*^ J_UVJ IH-Z.J 


00 S8 1 ^ 04 

V/U Jo 1 J-V/H- 


79 0(1 09 88 
— / z. Uu v/z,.oo 


06 88 


15 92 


—0 23 


Bl V 


147 (8) 


9HF^;#1 90(^ 
zurofr 1 zyo 




9MPS 0'^0007 


00 S7 "^7 OS 

V/U J / J / .VJ 


79 1 1 '^ 78 

— / Z IVJ IJ./O 


07 68 


IS 93 


—0 22 


B2 111 


Dllldiy I^lJJj 1 ) 






lJ IVl*^ J _U J J Z o 


AO ^0 01 09 

UU jv u 1 .yz 


79 10 91 I'X 
— / Z lU Z 1 .J J 


0131 


15 94 


Q 25 


BO 2 V 


RiiTjri/ ("QR 1 \ 

rsindry yjD i ^ 


Aftpn "57 1 

iVlrO J / 1 




<sMPS 0S9^iQ7 


AO so 9 1 01 


79 1 A 97 '^7 

— / Z H.)Z/.J/ 


05 66 


15 95 


00 


AO II 


1 1 S (f^^ 
IIJ (,OJ 






CMPS 0941^1 

01VH^J_UZ'+i J> i 


00 so 07 89 

UU jy u / -oz 


79 17 0(i 01 
— 1 L / UD.Ul 


06 35 


15 95 


—0 22 


Bl V 


174 (11) 






^IMPS 09'^nin 


no so 1 n 87 

uu J7 iU.O / 


79 1 S 97 09 

— /z lo z/.yz 


rt7 AS 


1 S OA 

1 J.70 


17 
— U.l / 


■Rl 9 /"Ri^ Vte'^ 
Ol-Z \OC-rC) 


18S I'AI 
loJ \p) 


ivi/\.yjtFi izj, rLcx — twin em. 


Mnp "idfi nan 


Q\/rP^ 09ft'^4.9 


no ss 9S 1'^ 

uu Jo ZJ. / J 


79 M '^■^ 10 

/Z It J J. 17 


05 48 


15 96 


—0 18 


09 5 V 


179 i'71 
I/Z 






SA/TPS 099 RSI 
oiVlV^ J_UZZo J i 


no sa 9Q A/1 
uu Jo zy.sy* 


79 1 S 40 SS 
— /Z lo 'fU.Jo 


rfS 7n 

0O. /u 


1 S OS 

I J.70 


1 s 
— U.lO 


Ble 


isuiary ^od i ) 


A(f A0'5Ji107S Krn-ail /^m 

ivirtVjfFiu/ J, xio; — oroaa em. 




QA/TPS n'5917Q 


no so 49 
uu jy *fZ. JO 


79 07 97 1 9 
— /ZU/ Z/.IZ 


rf'^ S'? 
0J.oJ 


1 A on 

lO.UU 


97 

— u.z / 


Bl Vn 


1 S7' i'A^ 

IJ / . ^o^ 






•^MPS OftQlOd 


00 S8 SS fiO 

V/U Jo JJ.UU 


79 1 07 10 
— / z luu/.iy 


0l 84 


16 01 


—0 19 


BO V 


1 S7 {ft\ 
IJ/ yo) 


MPPt "^04 




QA4P^ OO^i/^.'iS 
JlVlL^ J_UUOOJ J 


AO ^0 S7 99 
uu JV J /.ZZ 


79 07 AO 98 
— / Z U / UU.Zo 


04 84 


16 01 


31 


BO 7 V 


138 (13) 




NP.r "^4.^1 HQS 




AO ^7 4A 'id 


79 1 S S 1 49 
— / Z 1 J J 1 .4-Z 


09 02 


16 04 


Q Q5 


R 1 9 ^Rfi ^ 


162" (6) 


\/ia0^ii1077 Krr*tl/1 fTM 

ivi/\y jtF 1 UZ / , no: — Droao em. 






AO ^7 98 87 
\A) J / Zo.o / 


79 OA 10 9S 
— /Z UO IV. ZJ 


09 47 


16 04 


Q 


R 1 9 ^R(i IhM 

15 1 -z (^oe-re J 


185" (6) 


ivi/\y JtF 1 uuy, no: — oroao em. 




•^MPS 00SS94 


00 SO 08 SI 

UU jy uo.j J 


79 1 1 19 Sfi 
— /Z. 1 i IZ.JU 


00 83 


16 06 


—0 07 


09 V 


159 (8) 


MPP SI MMP A 
ivir vj J i y , i^i ivi V- U 




SA/TPS 00^4.97 
oiVl^^J_uuJ'^z / 


no SO 1 1 01 
uu jy i i.ui 


79 1 1 04 04 
— /Z IJ Uf .U4- 


02 33 


16 09 


—0 22 


Bl 5 V 


158 (9) 


IVlrVJ JOo 




oiVll^ J _UOU J o J 


no SS 09 '^9 
uu Jo UZ, JZ 


79 O'l 19 "17 

— /Z UJ IZ.J / 


09 55 


16 10 


—0 18 


B3 TIT 


157 (10) 




NHP'^ilfi inn 


^"WPS nn79AQ 


no so 9n AA 

uu J7 ZU.OD 


79 O'? '5S no 

— /Z UJ Jo.UU 


rf7 17 


iA in 

ID. lU 


Q 24 


R1 S V 
Dl.J V 


1 S9 ^'A^ 

IJZ ^OJ 




MnP'^A^; ini 


oiVil^D _U J oozy 


no S7 so so 

uu J / jy.ou 


79 mil A 1 
— /Z lU 1 1 .01 


rfA 01 
00. U I 


1 A 1 s 


9'^ 
— U.ZJ 


Bl V 


1 S4 CI 




MPP 'iA^L 1 no 


k3 IVl L, J _U J o J U'H- 


AO S8 1 9 ^0 
uu Jo IZ.JU 


79 OA S9 07 
— / Z UO JZ.U / 


06 38 


16 16 


Q 


B3 III 


144 (11) 




NP.P ^4.f=i 1 0'^ 


QMPS 007^70 


00 so 90 89 
V/U JV z,u.oz, 


79 07 S8 S8 

— /Z UZ Jo. Jo 


07 83 


16 16 


—0 30 


BO 5 V 


137 (16) 




MPP 14^1 1 AzL4- 




AO <^0 1 7A 
UU jy lj./o 


79 00 97 'Xfx 
— / Z UV Z / .JO 


rfl ^8 
01. Jo 


16 16 


34 


BO V 


Dinary yoo 1 7 


A(fPPA98 AftAQ'iiil 190 l-T^ ^ cti- ftn 

iviro ozo,ivi/\yj#i izy, riot — sir. em. 


NP.P '^dft 1 OS 




AO S8 98 48 
UU JO Zo.^-o 


79 1 7 "id 77 
— / Z 1 Z J^.Z / 


04 18 


1 A 1 

io. ly 


1 1 
— U. 1 1 


B2 III 


Binary 


XyfPTi SS 
IVi 1 O oo 


NPP 'idft 1 0(1 


•^MPS 004009 
O IVl t^J_UUH-y7Z 


00 S7 S9 94 
UU J / JZ.Z-^ 


79 1 S 98 18 
— /z 1 J Zo. lo 


08 05 


16 19 


—0 17 


Bl V 


Binary 






QAyTPS nni9n^; 


no so 1 n "57 
uu jy iu. J / 


79 1 n 9S 4S 
— /Z lU Zo.'t-J 


oiO A7 
0U.D/ 


1 A 9n 

ID. ZU 


O 97 

— u.z/ 


CiQ S V 

uy.j V 


1 ^A /'7^ 
iJO {/) 


MPTiSSQ MAyfP99 
JVlrVjJjy, INIVH^ ZZ 


'Kinr^'^At^ ins 


QAyTPS nnA'^AQ 

oivii_ J .uiro J Oo 


no so SS 11 
uu jy Jo. 11 


79 ns 91 so 

— /Z Uo Zl.oU 


Q9 


16 21 


9S 
— U.Zo 


R1 S V 
Dl.J V 


1 AO C Al 
IDU \p) 




NGC 346-109 


SMC5_089444 


00 59 19.39 


-72 04 29.11 


06.32 


16.21 


-0.29 


B1.5 V 


169: (6) 




NGC 346-1 10 


SMC5_005120 


00 58 11.49 


-72 14 42.70 


06.42 


16.22 


-0.15 


Bl-2 (Be-Fe) 


Binary 


KWB346#313, Ha = twin em. 


NGC 346-111 


SMC5_082079 


00 59 00.16 


-72 10 46.66 


01.37 


16.24 


-0.24 


B0.5 V 


163 (5) 


MPG344 


NGC 346-112 


SMC5_005637 


00 58 58.54 


-72 12 06.72 


01.98 


16.24 


-0.24 


09.5 V 


162 (5) 


MPG327 


NGC 346-113 


SMC5_()06076 


00 58 11.22 


-72 09 59.08 


05.17 


16.27 


-0.27 


B0.5 V 


177: (13) 


variable f^-? 


NGC 346-114 


SMC5_031881 


01 00 02.66 


-72 07 48.68 


04.54 


16.28 


-0.30 


Bl Vn 


174: (6) 




NGC346-115t 


SMC5_075795 


00 59 04.63 


-72 1031.16 


01.06 


16.30 


-0.28 


B0.2 V 


182 (7) 


MPG443 


NGC 346-1 16 


SMC5_076289 


01 00 03.23 


-72 06 03.65 


05.87 


16.30 


-0.30 


Bl V 


154 (13) 





f: Further notes on individual stars: 

NGC 346-001: saturated in images, photometry is from MPG 

NGC346-011: member of Lindsay 56/LHA 115-S26 

NGC 346-024: is also KWB346#72, blended with SMC5.078073 

NGC 346-026: faint companions in WFI images 

NGC 346-033: blended in images with SMC5.()80234 

NGC 346-036: bad column in V image, photometry is from MPG 

NGC346-048: is also MA93#1 101 

NGC 346-057: blended in images widi SMC5.032946 

NGC 346-061: is also MA93#1048 

NGC346-065: is also MA93#1100 

NGC 346-072: correlated with MA93#1067, which is resolved into two bright components in WFI image 

NGC 346-076: is also MA93#1126 

NGC 346-104: part blended with SMC5.082742/MPG 635 

NGC 346-115: part blended with SMC5J246984/MPG 426 
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Table 5: NG C 330: Ob serva tional parameters of target stars. Cro ss-refer ences to identifications given by 
ISanduleak (1968'. Sk).Arp H 959). Robertson (1974, R74), Azzopardi & Vigneau (1975, 1982', AzV), 
jMeyssonnier & Azzopardi ( 1993, MA93), Keller et al. ( 1999, KWB) and Evans et al. ( 2004, 2dFS) are 
given in tlie final column. The radial velocities {vr, in km s^ ^) and radial distances to the centre of the 
cluster (rd, in arcmin) are given for each star 



ID 


E1S# 


a(zOOO) 


o(zOOO) 


I'd 




— V 


Sp. Type 






Comments 


NGC 330-001 


SMC5_078698 


00 55 48.34 


—72 30 52.90 


03.85 


12.99 


0.03 


B9-A0 lab 






FLAMES-UVES target 


NGC 330-002 


SMC5_082820 


00 56 24.85 


—72 27 41.79 


00.46 


13.03 


—0.04 


B3 lb 


154 


(20) 


R74-A02 


NGC 330-003 


SMC5_081785 


00 56 55.29 


—72 24 20.55 


04.41 


13.17 


0.00 


B2 lb 


147 


(17) 


Sk 65, AzV 180, 2dFS#1183; Ha — infilled abs. 


NGC 330-004 


SMC5_082763 


00 56 20.80 


—72 28 33.98 


00.79 


13.33 


—0.07 


B2.5 lb 


157 


(16) 


R74-B37, 2dFS#5090; Ha = infilled abs. 


NGC 330-005 


SMC5_082862 


00 55 04.93 


-72 29 22.87 


05.79 


13.35 


—0.06 


B5 lb 


150 


(15) 




NGC 330-006 


SMC5_082471 


00 56 38.18 


—72 18 37.72 


09.27 


13.41 


0.02 


A3: 11 






FLAMES-UVES target 


NGC 330-007 


SMC5_082854 


00 56 58.26 


—72 31 17.34 


04.59 


13.48 


0.23 


A7-F0 11 






FLAMES-UVES target 


NGC 330-008 


SMC5_082532 


00 56 09.63 


—72 32 28.56 


04.74 


13.71 


0.23 


A7-F0 11 






FLAMES-UVES target 


NGC 330-009 


SMC5_082706 


00 53 53.75 


-72 26 49.99 


10.97 


13.72 


—0.06 


B5 lb 




(11) 




NGC 330-010 


SMC5_082798 


00 54 55.21 


—72 33 26.49 


08.46 


13.89 


—0.03 


B5 lb 


: 


(10) 




NGC 330-01 1 


SMC5_051901 


00 56 56.75 


—72 17 44.71 


10.44 


13.91 


—0.02 


B9 lb 


156 


(6) 


AzV 181 


NGC 330-012 


SMC5_015870 


00 56 07.95 


—72 26 03.74 


01.91 


13.92 


—0.01 


AO lb 


128 


(6) 


Arp 211 


NGC 330-013 


SMC5_001959 


00 57 26.97 


—72 33 13.30 


07.48 


14.00 


—0.13 


08.5 11-111 ((f)) 


176 


(11) 


AzV 186, 2dFS#1230 


NGC 330-014 


SMC5_081774 


00 56 38.79 


-72 25 13.75 


02.97 


14.07 


—0.12 


B 1 .5 lb 


159 


(15) 


AzV 176 


NGC 330-015 


SMC5_003863 


00 55 21.62 


—72 21 50.23 


07.35 


14.27 


0.15 


A7-F0 11 


^ 




AzV 167; FLAMES-UVES target 


NGC 330-016 


SMC5_073986 


00 55 21.48 


—72 23 38.01 


05.99 


14.28 


—0.14 


B5: 11 


130 


(12) 


contaminated by arcs 


NGC 330-017 


SMC5_064339 


00 56 47.98 


—72 28 46.86 


02.41 


14.35 


—0.1 1 


B2 II 


157 


(15) 


AzV 178, 2dFS#l 171 


NGC 330-018 


SMC5_078858 


00 56 09.41 


—72 27 58.71 


00.73 


14.37 


—0.13 


B3 II 


153 


(11) 


R74-B30 


NGC 330-019 


SMC5_037327 


00 55 52.85 


—72 26 31.42 


02.33 


14.38 


—0.03 


B9 lb 


127 


(8) 




NGC 330-020 


SMC5_002300 


00 57 28.08 


—72 31 03.34 


06.16 


14.43 


—0.03 


B3 II 


158 


(14) 


2dFS#1232 


NGC 330-021 


SMC5_003855 


00 57 37.34 


—72 21 53.94 


08.35 


14.45 


—0.25 


BO. 2 III 


173 


(10) 


AzV 192, 2dFS#1242 


NGC 330-022 


SMC5_002377 


00 55 15.68 


—72 30 33.73 


05.51 


14.56 


—0.13 


B3 II 


147 


(16) 


2dFS#1062 


NGC 330-023 


SMC5_190576 


00 56 44.31 


—72 29 06.33 


02.33 


14.56 


—0.12 


09 V-IIIe 


159 


(3) 


KWB330#111, Ha — strong em. 


NGC 330-024 


SMC5_065615 


00 54 58.57 


—72 25 09.71 


06.59 


14.72 


—0.06 


B5 lb 


161 


(11) 


2dFS#1034 


NGC 330-025 


SMC5_037578 


00 57 23.98 


—72 23 56.49 


06.24 


14.81 


—0.1 1 


B1.5e 


110 


(7) 


2dFS#1224, Ha = twin 


NGC 330-026 


SMC5_019099 


00 57 23.40 


—72 22 45.68 


07.00 


14.82 


—0.15 


B2.5 II 


152 


(11) 




NGC 330-027 


S]V1C5_003910 


00 56 18.27 


—72 21 33.39 


06.23 


14.86 


—0.16 


Bl V 


170 


(11) 




NGC 330-028 


SMC5_002054 


00 57 06.05 


—72 32 39.25 


06.03 


14.94 


—0.1 1 


Bl V 


172 


(9) 


2dFS#l 195 


NGC 330-029 


SMC5_000205 


00 57 00. 1 8 


—72 30 09.78 


03.92 


14.97 


—0.09 


BO. 2 V (Be-Fe) 


Binary 


MA93#973, KWB330#104, f. Ha — em. 


NGC 330-030 


SMC5_020391 


00 56 23.58 


—72 21 23.64 


06.40 


14.99 


—0.26 


BO. 5 V 


Binary 




NGC 330-031 


SMC5_002476 


00 56 13.84 


—72 30 00.77 


02.26 


15.00 


—0.04 


BO. 5 V (Be-Fe) 


146 


(4) 


2dFS#5088, Ha =em. 


NGC 330-032 


S]V1C5_076906 


00 57 38.56 


—72 30 38.67 


06.65 


15.07 


—0.10 


BO. 5 V 


162 


(19) 




NGC 330-033 


SMC5_079846 


00 57 10.52 


—72 30 04.17 


04.52 


15.08 


—0.1 1 


B1.5 V 


177: (9) 


2dFS#5094, variable u,^ ?, contaminated by arcs 


NGC 330-034 


SMC5_000183 


00 54 40.74 


—72 30 28.56 


07.86 


15.09 


—0.09 


Bl-2e 


121 


(5) 


MA93#794 


NGC 330-035 


SMC5_009426 


00 57 23.92 


—72 32 37.52 


06.89 


15.09 


—0.07 


B3 II 


143 


(12) 




NGC 330-036 


SMC5_044567 


00 56 10.66 


—72 28 10.25 


00.72 


15.10 


—0.16 


B2 II 


156 


(16) 


R74-B32 


NGC 330-037 


SMC5_004102 


00 55 09.80 


—72 20 24.65 


09.02 


15.12 


—0.02 


A2 II 


145 


(5) 


2dFS#105S 


NGC 330-038 


SMC5_014400 


00 57 15.31 


—72 27 33.94 


04.26 


15.21 


—0.19 


Bl V 


133: (9) 


2dFS#1206 


NGC 330-039 


SMC5_003405 


00 55 55.67 


—72 24 32.80 


03.68 


15.26 


—0.22 


BO V 


173: (9) 


2dFS#l 109 


NGC 330-040 


SMC5_007692 


00 55 03.41 


—72 34 12.96 


08.58 


15.29 


—0.05 


B2 III 


152 


(7) 


2dFS#1041 


NGC 330-041 


SMC5_077354 


00 57 37.17 


—72 23 55.97 


07.05 


15.38 


—0.24 


BO V 


184 


(10) 


2dFS#1241 


NGC 330-042 


SMC5_016204 


00 56 27.09 


—72 25 42.59 


02.17 


15.41 


—0.16 


B2 II 


130 


(12) 




NGC 330-043 


SMC5_046989 


00 56 27. 1 1 


—72 25 04.74 


02.78 


15.47 


—0.19 


BO V 


161 


(6) 




NGC 330-044 


SMC5_037013 


00 55 13.61 


—72 29 13.69 


05.12 


15.50 


—0.02 


Bl-2 (Be-Fe) 


158: (5) 


MA93#824 


NGC 330-045 


SMC5_003 1 1 8 


00 56 05.59 


—72 26 21.48 


01.74 


15.54 


—0.15 


B3 III 


159 (3) 


2dFS#5087 


NGC 330-046 


SMC5_088493 


00 58 12.39 


—72 26 12.09 


08.70 


15.56 


—0.14 


09.5 V 


177 


(6) 


2dFS#1293 


NGC 330-047 


SMC5_021 183 


00 57 03.45 


—72 20 35.41 


07.94 


15.61 


—0.28 


Bl V 


176 


(13) 


2dFS#l 190, variable v^.^. 


NGC 330-048 


SMC5_042483 


00 55 35.03 


—72 30 51.53 


04.51 


15.62 


—0.19 


BO. 5 V 


181 


(6) 




NGC 330-049 


SMC5_086635 


00 55 59.58 


—72 23 31.30 


04.50 


15.63 


—0.27 


09 V 


158 


(8) 




NGC 330-050 


SMC5_004159 


00 56 56.44 


—72 20 07.40 


08.17 


15.66 


—0.18 


B3e 


113 


(7) 


MA93#969, Ha = twin 


NGC 330-051 


SMC5_082766 


00 57 57.69 


—72 27 10.54 


07.47 


15.66 


—0.16 


B1.5 V 


174 


(5) 


2dFS#1276 


NGC 330-052 


SMC5_000744 


00 56 31.00 


—72 18 52.99 


08.95 


15.69 


—0.26 


08.5 Vn 


166: (7) 


2dFS#l 152 


NGC 330-053t 


SMC5_013120 


00 57 58.81 


-72 28 50.68 


07.61 


15.69 


—0.12 


B0.5 V 


167 


(10) 


variable i)^? 


NGC 330-054 


SMC5_037029 


00 55 28.20 


—72 29 06.50 


04.03 


15.70 


—0.08 


B2 (Be-Fe) 


127 


(6) 


MA93#851, Ha = em. 


NGC 330-055 


SMC5_0125I0 


00 56 49.24 


—72 29 28.96 


02.85 


15.72 


—0.1 1 


BO. 5 V 


174 


(7) 


variable v^l 


NGC 330-056 


SMC5_002447 


00 55 23.37 


—72 30 09.56 


04.80 


15.76 


—0.19 


B2 III 


122 


(9) 




NGC 330-057 


SMC5_009833 


00 54 54.63 


—72 32 09.58 


07.70 


15.82 


—0.17 


BO. 5 V 


124 


(4) 




NGC 330-058 


SMC5_036895 


00 54 58.54 


—72 30 22.38 


06.58 


15.84 


—0.1 1 


B3: 


112 


(2) 




NGC 330-059 


SMC5_002498 


00 57 52.13 


—72 29 51.87 


07.33 


15.85 


—0.08 


B3 III 


151 


(11) 




NGC 330-060 


SMC5_01 1393 


00 55 59.43 


—72 30 34.33 


03.14 


15.86 


—0.06 


B2.5 (Be-Fe) 


156 


(7) 


MA93#890, Ha = em. 


NGC 330-061 


SMC5_004133 


00 56 00.52 


—72 20 15.94 


07.65 


15.88 


—0.10 


AO II 


131 


(3) 


2dFS#l 1 18 


NGC 330-062 


SMC5_045835 


00 56 18.05 


—72 26 35.82 


01.19 


15.90 


—0.10 


B3e 


156: (6) 


Ha — twin 


NGC 330-063 


SMC5_080598 


00 56 06.81 


—72 30 28.62 


02.84 


15.90 


—0.06 


Bl-3 


121 


(9) 




NGC 330-064 


SMC5_061057 


00 55 45.87 


—72 33 13.06 


05.97 


15.96 


—0.09 


B3:e 


135 


(4) 




NGC 330-065 


SMC5_00275 1 


00 56 14.27 


—72 28 30.13 


00.79 


15.99 


—0.04 


Bl-3 (Be-Fe) 


158: (8) 


R74-B34, KWB330#239, f. Ha = em. 


NGC 330-066 


SMC5_010645 


00 55 55.96 


—72 31 19.82 


03.94 


15.99 


—0.10 


B3 III 


152 (8) 




Nnr ■^^n 067 


J1V1V.^J_U Ivy L"r 


nn Id 8^ 


— ILL! lo./J 


03 35 


iO.UU 


Q 


B2 5 III 


141 


(8) 




NGC 330-068 


SMC5.009989 


00 55 35.52 


-72 32 00.30 


05.33 


16.02 


-0.06 


B1.5 (Be-Fe) 


133 


(9) 


MA93#860, Ha = twin 


NGC 330-069 


SMC5.043375 


00 56 48.62 


-72 29 40.11 


02.93 


16.02 


-0.05 


B3 III 


160: (7) 




NGC 330-070 


SMC5.077231 


00 57 02.19 


-72 25 55.33 


03.76 


16.02 


-0.05 


B0.5e 


128 


(4) 


Ha — twin 


NGC 330-071 


SMC5.014767 


00 56 59.92 


-72 27 04.66 


03.18 


16.03 


-0.09 


B3III 


134 


(10) 




NGC 330-072 


SMC5.0 17978 


00 56 09.16 


-72 23 55.23 


03.93 


16.03 


-0.20 


B0.5 V 


136: (6) 




NGC 330-073 


SMC5.047763 


00 55 42.62 


-72 23 58.22 


04.69 


16.04 


-0.08 


B8Ib 


58 


(6) 


KWB330#522, f. Ha = em., variable v^t 


NGC 330-074 


SMC5.002782 


00 54 41.61 


-72 28 15.74 


07.34 


16.09 


-0.24 


BO V 


156 


(6) 




NGC 330-075 


SMC5.0044I3 


00 55 52.41 


-72 18 45.05 


09.25 


16.10 


-0.17 


B8II 


131 


(3) 




NGC 330-076 


SMC5.014864 


00 56 33.11 


-72 27 04.99 


01.29 


16.12 


-0.05 


B3 (Be-Fe) 


126: (10) 


R74-B09, KWB330#419, t, Ha = em. 


NGC 330-077 


SMC5.000166 


00 55 43.22 


-72 30 49.00 


04.05 


16.13 


-O.OI 


BO-3 (Be-Fe) 






f , low S/N, strongly contaminated by arcs 


NGC 330-078 


SMC5.003498 


00 55 11.95 


-72 23 54.90 


06.35 


16.15 


-0.03 


AO: III 


112 


(2) 





continued on next page 
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Table 5: continued 



ID 


E1S# 


<Tf9000^ 








B — V 


Sp. Type 






Comments 






oo '^'^ "^9 41 


79 9*^ 1 1 ^9 
— / Z Zo 1 i . jZ 


rt9 

?)Z. JJ 


io. 10 


n 1 % 
— u. 1 J 


B3 III 


155 


(5) 


variable v-r'l 


iNOlw- J jU-UoU 


Q\^p^ n'57n'?4 


no ^7 "5^ "50 


79 90 n4 on 
— /z zy u^.yu 


<Tl^ 01 

pj.y I 


\« 17 
ID. 1 / 


n n7 
— u.u / 


B 1-3 


141: 


(5) 


\/f AO'^Jiini 

ivi/\.y jtF I u I y 




<?MPS nddnQfi 


no Sfi 09 9S 
UU JD UZ.Zo 


79 9R 44 06 
— /z Zo .70 


0l 57 


16 17 


—0 16 


Bl-3 


130: (8) 






QAyTP^ f\AAAA1 


no ^7 94 AO 
UU J / Z't-.OU 


79 9Q 1 7 n^; 

— /Z Zo 1 / .Uo 


rf4 OS 


1 A 1 Q 
ID. lo 


n n7 
— u.u / 


■Ri % 
01- J 


141: 


(8) 


contaminated by arcs 




<?MPS nR7S9n 
oivii^j_Uo ijzx} 


no ^7 04 Sfi 
UU J / U'*. JO 


79 99 69 
— /Z ZZ JJ.OZ 


05 99 


16 19 


—0 13 


B3 UI 


140 (9) 






<sMPS 0441/10 


no ■^fi ^■^ 


79 9S 4n S4 

— /Z Zo H-U.Ot 


03 32 


16 20 


—0 08 


B3 III-V 


Binary (SBl) 






l31V1V_ J_U / J Jo i 


no s6 9(^ fx\ 

\)\} J\! zu.uu 


79 96 9^ 09 

— /Z ZO ZJ.UZ 


0l 52 


16 22 


—0 12 


B3'e 


1 10' 




rlQ! — twin 




*5MP^ 01 7Q7S 
JlVlL J_U 1 ZV / J 


AO ^/^ 'X'X 74 
UU JO JJ. / ^ 


79 90 Al 

— / z zv 1 .J J 


0l 67 


16 25 


Q 


B2 5 III 


128" 




P74 Tini 

K /4-DUl 




*5MPS OOAI 


AO ^S A.'X '^O 

\/U JJ H-J.JU 


79 -11 -JO 
— /Z Ji JZ.Ol 


04 60 


16 26 


—0 12 


Be-Fe 






lVlrt.7 JtroOy, xiC* — Clll. 






no sft 

UU JJ JD.JJ 


79 ^9 95 OS 
— /z JZ ZJ.70 


04 94 


16 30 


—0 14 


Bl-3 












nn ■^7 QQ 
UU J J J / .yy 


79 ■^n 97 10 
— /Z JU Al .17 


rf4 n7 

04. u/ 


1 "59 

ID. jZ 


n 17 
— u. 1 / 


■RI ^ 
Dl-J 


I J4. 


(4; 


contaminated by arcs 


Mrjp'5'^n nan 




nn f s 44 n'^ 

UU J J f t.Uj 


79 90 m 44 
— /Z Zo iU-tt 


02 65 


16 34 


—0 15 


B3 TTT 


117* 


\j) 


N'np'^'^n noi 

iNkJl^ JjKJ-KJyi 


s\fps nan^oi 


nn ^7 n^ 74 

UU J / Uj. /'•■ 


79 '^'5 41 Q1 
— /Z JJ 'H.oi 


eKf^ SO 

00. oy 


1 ft "54 
ID. J4 


n 1 "5 
— u. 1 J 


Due 


1 ft7 
IDZ 


f"7^ 


WoL — twin-|-abs. 




QA/TP^ nnoA 1 1 


nn S7 4S 7^ 

UU J / *to. / J 


79 "^n 10 98 
— /Z jU I7.Z0 


rf7 9"? 
0/.ZJ 


ID. JJ 


— U.Uj 


D J. 










•^MPS 0'^fi0^i7 

i3lVl*^ J_UjU>'U / 


nn 4n 1 1 

V/U J J H-Vy. 1 1 


79 90 zL4 7S 

— / Z zv '-H+. / 


03 51 


16 36 


—0 14 


Be-Fe 






MAQ'^JiRft'^ K'WR'5'5nJiS9S Wr\ — fu/in 
lVlrt.7 JtroOJ, IvW D J JUtrJZo, nc* — IWlll 


Mpp nozL 


JlVlL^ J_UoZ / 


AO 'X'X 'X'K 
UU JJ JJ.JJ 


79 9'^ S7 "XA 
— / Z ZJ J / . J^ 


f)J. 14 


16 36 


Q 


B 1-5 


179: 


W 


contaminated by arcs 




>3lVlL.J_UI44D / 


An 1 ^ "io 

UU JO Ij.jV 


77 77 70 '^^ 

— 1 L LI Zy.DA 


0U. jy 


Id. JO 


— u. 1 J 


B3 III 


1 JJ 


(10) 








AO ^4 "10 1 4 

UU J^ D J . 1 ^ 


79 97 1 74 
— 1 L L 1 10. /'+ 


07 52 


16 38 


Q Qg 


Di-j t,i5e-rej 






\yf A0'5Ji7a9 H*t, 

ivirt.yjtF/oz, xicK — em. 


MHP 007 


•^MPS 009QftS 
OiVl J _UUZy D J 


nn S(i 17 11 

UU JO 1 / . 1 J 


■72 27 17 95 


00 


16 40 


—0 19 


Bl V 


14o. 


/"7^ 
\i) 








nn ^f, cn 74 

UU JO yji .1'* 


79 94 1 a 1 ^ 

— /Z Z't lo.l J 


0J. JO 


1 ft 4n 

ID.4U 


n 94 

— U.Z4 


Rn 9- V 
□ U.Z. V 


1 7^' 
1 / J. 




... 
contammated by arcs 




SA/TPS r\AAfnA 


nn ni si 

UU J J Ul.oi 


79 9S ni "15 

— /Z Zo Ui.JJ 


05 80 


16 41 


—0 18 


B2-3 








NHP'^'^n inn 


^"WPS nn9449 


nn sft ^49^ 

UU JO J't-.Zj 


79 '^n 19 99 
— /Z jU iZ.ZZ 


rK'x f^n 


1 ft 45 
ID. 4 J 


n nn 
u.uu 


■Rp (Tin 
ue i_iju-j ^ 






WoL — twin 


MnP'^'^n ini 


QA/TP^ nn9Q17 


nn 'XA 

UU JO jj.j*t 


79 9Q n^; ^7 

— /Z Zo UO.J / 


rfl 90 

01. zy 


16 44 


Q 


B2 5 TIT 


154 


(8) 




WPP ^ICx 1 (V> 


k3lVlL,J_UH-/ /O 


nn <^7 19 14 

UU J / IZ. 14- 


79 97 1 n "Xl 
— 1 L L 1 lU.J/ 


04 06 


16 46 


Q 


B2-3 III 


162: 


(5) 




Np.p '^'^n 10"^ 


<sMPS 0099S(i 


no s6 S9 1 

V/U JO JZ. J 1 


79 1 1 s sn 

— / zji 10. J u 


04 33 


16 47 


—0 07 


Bl-3 






contaminated by arcs 


Nirr^ Tin i A/1 




AH ^ < n 1 1 
UU J J ui .01 


77 77 /lO A7 

— /z ZZ 4y.o / 


07.63 


iO.JU 


n 'JA 
— u. jU 


BO: V 


129: 


(4) 


ZCLroff IUj / 


NP.P '^'^(1 lOS 


J 1VH_ J _U ZU J o o 


AO ^7 OS (^4 
UU J / UJ.O^ 


79 91 11 SO 

— - / Z Zi 11 .oy 


07 47 


16 53 


n 17 
— u. 1 / 


R 1 5 

D l-J 










QA/IP<^ 01 1 Q1 


nn 1 ^ 

UU JO JJ.lj 


79 90 on 
— /z zy jo.yu 


rt9 *\9 
0Z. jZ 


1 ft *\4 
ID. J4 


n 1 
— u. 1 J 


Bl-2 


135 


(12) 






QAyTPS ni404^; 
oiVll_j_UI'+U^O 


nn ^7 78 

UU J J J 1 .10 


79 97 ^1 n^ 

— 1 L LI jI.Uj 


nil 

01. JO 


1ft ^ft 
ID. jO 


n 19 
— u. iz 


B3' iri-V 


138 


(5) 




"MPP'^'^n ins 


QAyTP^ ni^9n'^ 


nn ^^14 ^n 

UU JJ i't-.jU 


79 9/^ 4^^ 7'5 
— / Z zo '•■J . / J 


rt4 Qf, 

04. yo 


1ft ^ft 
ID. jO 


n 1 
— u. 1 J 


B5 m 


126: 


(2) 




isjnp'^'^n inQ 


OiVll^ J _UO J UOH' 


nn Sfi 94 Q4 

UU JO zt.yf 


79 96 4S 4'^ 
— /z zo to.M-j 


0l 08 


16 56 


—0 17 


B3 m 


144: 


(4) 




NHP ■^■^n 1 1 n 


^lA/TP^ n'^7'^41 


nn 9n a7 
UU JO zu.o / 


79 9/^9^ 4Q 
— / Z ZO Z J My 


nil '57 
01. J / 


1ft ^7 

ID. J / 


n 10 

— u. ly 


B2 TTT 


160: 


(6) 




MPP '\'\C\ 1 1 1 


CMPS ni ^'i^i 

i3lVl*^J_Ui J JJ 1 


nn S6 17 7n 

UU J U 1 / . / u 


79 9fi ^7 71 

— / Z Zo J / . / 1 


00 85 


16 58 


—0 17 


Bl-3 








NP.P "^"^0 1 1 9 




no ss sfi 

UU J J J U.J J 


79 9'^ '^'^ '^4 

— /Z ZJ JJ.JH- 


04 56 


16 59 


—0 1 1 


oi-j (.Dc-rej 






MAQ'5#SS6 K'WTt'^'^nJiSnO \^rv — pm 
lVlrt.7 JtrooO, IvW D J JUrrJUy, xiC* — Clll. 


NGC 330-1 13 


SMC5_015068 


00 55 48.73 


—72 26 51.42 


02.45 


16.61 


—0.14 


Bl-3 








NGC 330-1 14 




AO 56 57 01 


— 79 95 31 71 

/ Z/ J J 1 . / 1 


03 66 


16 62 


—0.14 


B2 III 


157 


(11) 




NPP ■l^fl-l 1 S 


CMPS 061 SI 1 

OiVl\^ J_L/vi 1^11 


00 55 1 5 38 

J J 1 J . J 


—72 24 23.49 


05.86 


16.65 


—0.26 


Bl-3 


Binary 




NfrP'^^n-l Aft 




no 55 96 S'^ 

UU J J J J 


—79 97 66 


03.94 


16.66 


—0.19 


B3 TTT 


133 


(6) 








on sfi 39 75 

\J\J JO Oy w 1 


—79 22 06 43 

/ z.z^ \/o J 


05.89 


16.67 


—0.21 


Bl-3 


120: (6) 




NGC 330-1 18 


SMC5_037899 


00 54 47.70 


-72 2051.51 


09.75 


16.69 


-0.26 


Bl-2 


170 (4) 


2dFS#1013 


NGC 330-1 19 


SMC5_191730 


00 56 45.39 


-72 27 55.47 


02.01 


16.71 


-0.22 


Bl-3 








NGC 330-120 


SMC5_191173 


00 56 42.59 


-72 27 27.78 


01.82 


16.89 


-0.42 


B3: m-V 


147: (5) 




NGC 330-121 


SMC5_08I980 


00 56 22.57 


-72 28 35.68 


00.86 


12.62 


0.20 


A5n 


154 


(5) 


R74-B38; UVES target 


NGC 330-122 


SMC5_015195 


00 56 18.56 


-72 26 45.21 


01.03 


14.00 


0.04 


A2 II 


138 


(5) 


R74-B16; UVES target 


NGC 330-123 


SMC5_037226 


00 56 03.92 


-72 27 13.01 


01.26 


15.79 


-0.22 


09. 5 V 


177 


(11) 


R74-B18; UVES target 


NGC 330-124 


SMC5_013293 


00 56 06.81 


-72 28 35.08 


01.21 


15.83 


-0.20 


B0.2 V 


155 


(12) 


R74-B28; UVES target 


NGC 330-125 


SMC5_003014 


00 56 20.18 


-72 27 02.02 


00.76 


15.89 


-0.17 


B2m 


151 


(8) 


R74-B13; UVES target 



f: Further notes on individual stars: 
NGC 330-029: is also 2dFS#5093 

NGC 330-053: 2dFS#1279 is likely a blend of 330-053 & SMC5.064320 

NGC 330-065: is also MA93#920 
NGC 330-073: is also 2dFS#1087 
NGC 330-076: is also MA93#948 
NGC 330-077: is also iyiA93#868 
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Table 6: N il: Observation al parameters of ta rget stars. The cross-references in the final column are to 
[Sanduleak 1 1969, Sk) and Parker et'alHl993. P) The photometry for stars flagged with an asterisk was 
taken from Parker et al. 1 1992). Classifications for Nl 1-031 andNl 1-060 were taken from lWalbom et alj 
i'2002) and Walborn et aUi2QQ4lD respectively. 



ID 


^. /OAAA\ 

a(zuuuj 


f /OAAAA 
0(ZUUU} 


V 


B — V 


Sp. Type 




Comments 




Nl 1-001 


04 57 08.85 


—66 23 25.1 


11.35* 


0.06 


B2 la 


299 (12) 


Sk— 66"36, P3252; UVES spectiTim, Ha — 


P Cyg em. 


N 11-002 


04 56 23.51 


-66 29 51.7 


11.90* 


0.37 


B3 la 


295 (12) 


Sk— 66°27, P1062; UVES specti-um, Ha — 


P Cyg em. 


Nl 1-003 


04 56 50.59 


—66 24 34.9 


12.47* 


—0.02 


Bl la 


287 (12) 


P3157; UVES spectrum, Ha — broad em. 




Nl 1-004 


04 55 29.42 


—66 23 12.0 


12.56 


—0.06 


09.7 lb 


304 (15) 


Sk— 66° 16 




Nl 1-005 


04 57 04.10 


—66 29 10.1 


12.62 


0.03 


Bl la 


Binary 


Sk— 66°34, Ha — em. 




Nl 1-006 


04 56 51.45 


—66 28 06.4 


12.66 


0.51 


F8: 




FLAMES-UVES target, foreground 




Nl 1-007 


04 56 17.29 


—66 31 03.6 


12.74 


—0.03 


08 lb (f) 


302 (14) 


Sk— 66°25, variable or wind var.? 




Mil nno 
JN 1 i-OOo 


A/l CC TO 

04 55 ZZ.35 


(1£ T O 1 O A 

—66 ZB 18.9 


12.77 


—0.01 


B0.5 la 


laa (14) 


Sk— 66 15 




Ml 1 nno 


n/1 ^"7 1 7 AS 

U4 J / I / .oo 


— Do Zo Jl.J 


1 QA 


A A^^ 
U.UO 


B3 lab 


ZOO \lJ) 






Mil A 1 A 

JNll-UlU 


A-l cei -lAA-l 

04 56 40.94 


n Ar\ i 
—66 LI 40.1 


12.89 


—0. 14 


/~\A C TIT . T3 1 O. 

U9.5 111 + Bl-Z: 


Binary (SB2) 


P13 10 




Nl 1-01 1 


A/l CC CA 

04 55 55.50 


CC io OA t 

—66 ZB 20.3 


12.89 


—0.08 


OC9.5 11 


Binary (SB 1) 


Jik— 66 1 / 




Nl 1-012 


A/l C(^ C 1 1 C 

U4 JO J I . I J 


CC "J 1 A<i 1 

— DO J 1 40. J 


12.90 


0.02 


B 1 la 


295 (11) 


varaible t)^? 




Nl 1-013 


A/l C"? AA 


CC OA OA C 
— OD Z4 Z4.0 


12.93 


— 0.07 


08 V 


rSmary {jdZ) 


P3223 




VT 1 1 A 1 /I 

JNll-014 


A-1 c<; -1 Al 

04 56 48.02 


CC OA AA O 

—66 zO 09.8 


12.98 


—0.02 


B2 lab 


298 (li) 


ak— 66 30 




Nl 1-015 


A/l C-7 AO 

04 5 / 22.08 


CC OA OO C 

—66 z4 2/. 5 


13.00 


—0.10 


BO. 7 lb 


JU/ {11) 


^ik— 66 3 /, r32 / 1 ; U Vbci spectrum 




Nl 1-016 


A/l CC TA CA 

04 56 20.59 


CC oo 1 /I A 

—66 z/ 14.0 


13.05 


—0.12 


Bl lb 


294 (12) 


Jik— 66 26, rl036; UVbci spectrum 




Nl 1-017 


A-i c<; 1 "7 C-T 

04 56 1 /.5 / 


—66 18 18.5 


13.11 


0.02 


B2.5 lab 


291 (14) 


Jik— 66 23 




Nll-018 


04 56 41.04 


—66 24 40.3 


13.13* 


—0.09 


06 ll(f ^ ) 


301 (6) 


P3053, variable Vj- or wind var.? 




Nll-019 


04 56 11.72 


—66 31 59.1 


13.14 


—0.17 


08-9 Ill-V((f)) 


Binary (SB2) 


Sk— 66°22 




N 11-020 


04 56 50.32 


—66 31 03.6 


13.18 


—0.22 


05 I(n)fp 


Binary 


Ha — broad em. 




Nl 1-021 


04 56 30.58 


—66 18 08.6 


13.24 


0.12 


A7 11 


298 (4) 






N 11-022 


04 56 00.90 


—66 26 16.4 


13.33 


—0.15 


06.5 11(f) var 


289 (8) 


Sk-66°20 




Nll-023t 


04 56 15.44 


—66 27 34.9 


13.40 


—0.14 


B0.7 lb 


286 (12) 


P1014; UVES spectrum 




Nl 1-024 


04 55 32.93 


-66 25 27.7 


13.45 


— O.IO 


Bl lb 


292 (12) 






Nl 1-025 


04 56 34.84 


—66 28 23.1 


13.45 


0.35 


08.5 V 




FLAMES-UVES target 




Nl 1-026 


04 56 52.54 


-66 19 55.8 


13.51 


—0.17 


02.5 lll(f* ) 


330 (8) 






Nl 1-027 


04 56 53.19 


—66 19 01.9 


13.56 


0.68 


G2 




FLAMES-UVES target, foreground 




Nl 1-028 


04 57 16.24 


—66 23 20.8 


13.63 


O.IO 


06-8 V 


: (3) 


P3264; strong nebular contamination 




Nl 1-029 


04 55 56.34 


—66 29 03.9 


13.63 


-0.12 


OC9.7 lb 


297 (15) 






Nl 1-030 


04 55 48.38 


—66 29 41.4 


13.66 


—O.IO 


Ble 


Binary 


Ha — broad em. 




Nll-031 


04 56 42.49 


—66 25 18.0 


13.68* 


—0.01 


0N2 III (f * ) 


322 (6) 


P3061 




Nl 1-032 


04 56 54.46 


—66 24 15.6 


13.68* 


—0. 1 1 


07 11(f) 


305 (9) 


P3I68; no observations in HR02/A3958 region 


Nl 1-033 


04 56 1 1 .04 


—66 28 23.9 


13.68 


—0.16 


BO Illn 


296: (9) 


PI 005 




Nl 1-034 


04 56 42.66 


—66 29 45.1 


13.68 


—0.15 


B0.5 III 


289: (10) 


P1332; variable v^l 




Nl 1-035 


04 57 28.70 


—66 31 02.4 


13.69 


0.03 


09 11(f) 


Binary (SBl) 






Nl 1-036 


04 57 41.00 


—66 29 56.4 


13.72 


—0.15 


B0.5 lb 


292 (16) 






Nl 1-037 


04 56 22.33 


—66 28 04.6 


13.77 


—O.IO 


BO III 


Binary (SBl) 


PI 052 




Nll-038 


04 56 45.21 


—66 25 10.6 


13.81* 


0.00 


05 III(f+) 


318 (4) 


P3100 




Nl 1-039 


04 56 17.33 


—66 17 48.0 


13.83 


—0.18 


B2 III 


286 (9) 






Nl 1-040 


04 57 16.72 


—66 28 22.7 


13.84 


—O.IO 


BO: Illn 


Binary? 


Ha — abs-l-twin em. 




Nl 1-041 


04 56 52.32 


—66 32 52.5 


13.87 


—0.19 


06.5 laf 


Binaiy 


Ha — complex abs-t-broad em. 




Nl 1-042 


04 56 15.57 


—66 27 21.2 


13.93 


—0.23 


BO III 


288 (15) 


P1017 




Nl 1-043 


04 57 01.06 


-66 28 29.8 


13.93 


—0.21 


07 III + BO: 


Binary (SB2) 






Nl 1-044 


04 57 15.74 


-66 33 54.0 


13.96 


-0.14 


06-8 III-V((r)) 


Binary (SB2) 


early B-type secondary 




Nl 1-045 


04 56 58.32 


—66 31 32.9 


13.97 


—0.15 


09-9.5 III 


290 (13) 






Nl 1-046 


04 56 44.62 


—66 34 20.5 


13.98 


—0.24 


09.5 V 


Binary 






Nl 1-047 


04 56 25.48 


—66 26 33.2 


14.01 


—0.23 


BO III 


Binary (SBl) 






Nll-048t 


04 56 58.79 


—66 24 40.7 


14.02* 


—0.17 


06.5 V((f)) 


299 (3) 


P3204 




Nl 1-049 


04 56 29.59 


—66 28 20.5 


14.02 


—0.24 


07.5 V 


Binary (SBl) 


PlllO 




Nl 1-050 


04 57 00.88 


—66 23 57.1 


14.03 


0.10 


04-5 + 07: 


Binary (SB2) 


P3224 




Nl 1-051 


04 56 29.72 


—66 21 38.5 


14.03 


—0.26 


05 Vn((f)) 


296: (5) 






N 11-052 


04 57 40.12 


—66 26 02.8 


14.06 


—0.18 


09.5 V 


Binary (SB2) 






Nl 1-053 


04 56 54.48 


—66 27 32.0 


14.09 


—0.16 


B 1 : (Be-Fe) 


Binaiy 






Nl 1-054 


04 57 18.33 


—66 25 59.6 


14.10 


—0.06 


Bl lb 


294 (12) 






Nl 1-055 


04 57 10.57 


—66 18 06.8 


14.1 1 


0.18 


08-9 nine 


293 (3) 


Ha — broad em. 




Nl 1-056 


04 57 49.05 


—66 24 17.4 


14.13 


—0.10 


Ble 


304 (8) 


Ha — weak twin em. 




Nll-057t 


04 56 15.48 


—66 27 41.5 


14.13 


0.03 


AO II 


284 (4) 


P1015 




Nl 1-058 


04 55 52.35 


-66 34 13.4 


14.16 


—0.23 


05.5 V((f)) 


301 (3) 






Nl 1-059 


04 56 31.02 


—66 28 40.8 


14.23 


—0.25 


09 V 


Binaiy (SBl) 


PI 125 




N 11-060 


04 56 42.16 


—66 24 54.4 


14.24* 


—0.06 


03 V((f*)) 


314 (3) 


P3058 




Nl 1-061 


04 57 25.73 


—66 21 05.4 


14.24 


—0.06 


09 V 


305 (10) 






N 11-062 


04 56 55.35 


—66 33 01.8 


14.32 


—0.23 


BO. 2 V 


Binary (SBl) 






Nl 1-063 


04 57 40.53 


—66 27 25.1 


14.35 


—0.18 


09: Vn 


Binary (SB2) 






N 11-064 


04 57 1 1 .47 


—66 22 18.8 


14.40 


—0.14 


BO. 2: Vn 


Binaiy 






N 11-065 


04 56 19.35 


—66 27 01.8 


14.40 


—0.24 


06.5 V((f)) 


303 (7) 


PI 027 




Nl 1-066 


04 56 57.51 


—66 35 21.3 


14.40 


—0.24 


07 V((f)) 


282 (7) 






N 11-067 


04 57 03.33 


—66 30 08.1 


14.50 


—0.24 


BO. 5: Vn 


Binaiy 






Nl 1-068 


04 56 04.61 


—66 23 57.8 


14.55 


—0.23 


07 V((f)) 


291 (10) 






IN 1 i -uov 


fiA on sn 


f,fx 01 C\'X 1 
— oo Z / UJ. J 


14 56 


Q |t) 


B 1 111 


ooQ f^0'\ 
z/y vizj 


P1037; UVES spectrum 




Nl 1-070 


04 57 04.61 


-66 24 22.3 


14.59 


-0.13 


B3 III 


274 (8) 


P3239 




Nl 1-071 


04 57 24.19 


-66 26 00.0 


14.61 


-0.19 


08: V 


Binary (SB2) 






Nl 1-072 


04 55 51.63 


-66 21 57.5 


14.61 


-0.27 


B0.2 V 


296 (13) 






Nl 1-073 


04 57 11.26 


-66 26 53.8 


14.63 


-0.06 


B0.5 (Be-Fe) 


288: (6) 


Ha — broad em. 




N 11-074 


04 56 19.49 


-66 27 37.9 


14.63 


-0.01 


B0.5 (Be-Fe) 


288: (5) 


P1028;Ha abroad em. 




Nl 1-075 


04 57 22.05 


-66 19 20.7 


14.67 


-0.18 


B2 III 


Binary? 


Gaps in spectra due to bad pixels 




Nl 1-076 


04 56 33.58 


-66 23 28.0 


14.67 


0.33 


B0.2 la 


331 (9) 


Ha — P Cyg., variable Vj-l 




Nl 1-077 


04 56 01.36 


-66 20 51.2 


14.68 


-0.14 


B2III 


Binary (SBl) 






Nl 1-078 


04 56 04.94 


-66 31 24.8 


14.69 


-0.19 


B2 (Be-Fe) 


Binaiy (SBl) 


Ha — broad em. 




Nl 1-079 


04 56 47.22 


-66 24 42.1 


14.71* 


-0.12 


B0.2 V 


305 (8) 


P3128 





continued on next page 
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Table 6: continued 



ID 




U \L\.J\}\.i J 




B — V 


Sp. Type 




C o nime n ts 


Pi 1 i-UoU 


(\A ^zL 7 1 
U'4 JO j^. / 1 


f^f, 94 SzL 1 
— OO Zt Jt.j 


14 7 1 * 


{) 15 


fyi- \j -\- OO- 
\j 1 . V -|- uy. 


i5inary yjaL) 


P3 173 


Nl 1-081 


C\A '^'i. 1"7 ft7 
U^ J J 1 / . o / 


(^(^ 1. \ 4.0 7 

— OD 3 1 ty. / 


14 72 


09 


oU. n ^rse-rcj 




ri^ — iwin cm.-t-six. neouiar, ticii A'^ooo. v-r — ^oD 


i>l 1 i-UoZ 


i\A ^0 zLQ 

U4- J / jz.^y 


/^(^ 90 40 1 

— 00 zy ^-y. 1 


14 72 


Q 


R 1 9 _i_p>'jrK/ R 

Di-z -t-cdiiy-D 


Rincini ('QR9"» 

oinary yciaL) 




Pi 1 i-UoJ 


Hzi "^7 nn 
U^ J / uu.z^ 


Af. 19 T/^ 1 
— oo JZ I O.J 


14 73 


20 


BO 5 V 


2g7 (12) 


■ 

variable v^p ' 




(14. no 90 

UH- ju uy.zu 


97 OR S 

— UU Z / UO. J 


14 75 


—0 21 


BO 5 V 


306' (8) 




Pi 1 i-UOJ 


(14. Sf> ^0 'XA 

UH- -jU jy.jH- 


f,f, 9R SO 
— uu zo jy.u 


14 75 


—0 16 


BO 5 V 


293' (10) 


vai'iabie . 


I>l 1 i-UoO 


c\A /^Q 
u^ JO ^j.oy 


f^f, 9R 
— OO Zo jO.U 


14 75 


—0 21 


B 1 V 


9Rzl <n\ 




Nl 1-087 


04 Sfi "^0 1 8 


— 6(i 94 so 


14 76* 


—0 10 


09 5 Vn 


309 (2) 


P3042 


i^i 1 i-vjoo 


04. Sfi "^9 0^ 
UH- JO jz.yj 


Af, 00 S7 1 

— UU Zo JZ. 1 


14 78 


—0 21 


B 1 111 


28 1 ■ (6) 


PI 160 


Nl 1 ORQ 
Pi I i-\Joy 


04. 9S '^'^ 

UH- J J ZO.JJ 


90 zll 
— ou zy ti.o 


14 81 


—0 03 


B2 111 


Rin;ii-\j C*5R 1 ^ 

Diiidiy ^lJD i^ 




Nl 1 OQO 
Pi 1 i~uyu 


04. S7 "^9 S 1 

Ut J / J Z . J 1 


f,f, S(S R 

— ou ZJ JO.O 


14 83 


—0 08 


B2e 


292" (5) 


rift — Droad. em. 


TJl 1 HQ 1 
IN 1 i ~UV i 


04. '^7 01 'i9 
U^ J / UI . jZ 


(^(^ 90110 
— OO ZU 1 J.U 


14 85 


—0 10 


09 V 


Binary 




IN 1 i-uyz 1 


OA 's'; <;zi 1 Q 
u^ J J j^. ly 


f.(x 9S 01 S 
— OO ZJ UI . J 


14 87 


Oil 


07 V 


Binary 




Ml 1 HQ^ 

Pi 1 i~uy J 


04. S'; 90 OS 

vj^ J J zy.yj 


10 17 S 
— OO jU j / . J 


14 87 


Q J 4 


B2 5 III 


293 (10) 




Ml 1 nQA 


OA S7 1 7 OR 
U^ J / 1 / -Uo 


(^f- 10 99 S 
— OO jU ZZ.j 


14 87 


—0 18 


B 1 III 


rsinary ^jts i ) 




Ml 1 nQ<^ 
IN 1 i-uyj 


04. S7 T7 09 

K)^ J 1 J 1 .yz 


(^(x 94. SO 7 

— OO jy. / 


14 89 


—0 18 


B 1 Vn 


90S- /"SI 




Ml 1 CiQfi, 

IN 1 i -uy 


04. SzL OR 
U^ JO J^-.Uo 


(^(x 9 1 1 

— OO Z 1 JO. J 


14 89 


—0 19 


B 1 5 III 


rSinary i^orszj 




Ml 1 AQT 

IN 1 i -uy / 


04. ^i'; 1 7 /^A 
U't J J 1 / .oo 


(^f- 97 IS R 
— OO Z / Jj.o 


14 90 


05 


B3 II 


90zl ^'19^ 

zy t ^ 1 z J 




Nl 1 riQS 
IN 1 i -uy o 


04. S(S SR 07 
UH- JO J o . y / 


f,f, Izt zt(S 1 
OU Jt to. J 


14 93 


—0 18 


B2 III 


Rinar\i ('*5R 1 1 
Dllldiy l^OlJ I J 




Nl 1 OQQ 
IN 1 i-uyy 


04. S7 4.fi fiQ 
UH- J / to.oy 


fif^ 9R 97 R 

— ou Zo A 1 .O 


14 93 


—0 1 1 


BO 2 V 


Rinnan/ C^JR 1 ^ 
Dllldiy l^OD I^ 


strong nebular contamination 


Mil 1 nn 
IN 1 i - 1 UU 


04. 7 9 1 91 
K)^ J 1 Z I .Z 1 


(^f- 9S 01 9 
— OO ZJ UI .Z 


14 94 


Q 20 


BO 5 V 


IzLS CI 91 
j'+J iizj 


P1970- IT\7B'; cnf>r-ti-iiiTi 

r jz IK), u vcj specnum 


Nl 1-101 


04. Sfi "^R 19 

UH- JO JO. 1 A 


f,f, 91 S4. 9 

— ou ZJ JH-.Z 


14 95* 


—0 14 


BO 2 V 


109 C10"i 
jUZ I^IUJ 


P1011- ITVP*? cnf>i-tinm 
rJUJJ, U V CkJ apcLiiuiii 


N 1 1 - 1 02 


04. S'^ R4. 

UH- J J JJ.OH- 


f,f, Izl 90 4. 
— ou jt zy.H- 


14 95 


—0 16 


BO 2 V 


296" (5) 




Nl 1-103 


04. 4.'? 0/^ 

u^ JO ^j.yo 


/^/^ 9R 1 zL S 
— OO Zo 14-. J 


14 95 


Q J4 


R 1 9 _LfiQi-K7 R 


Binary 




Mil ^(^A 

IN 1 i - 1 


04. 's'; 's'; 9"^ 

U't JJ Jj.ZJ 


/^A 91 S7 9 
— OO Z 1 J / .z 


14 96 


19 


B 1 5 V 


263' (9) 




N 1 1 - 1 05 


04. 4./^ '^7 
U't JO ^+0. J / 


97 1 7 
— OO Z / lO. / 


14 97* 


Q 25 


B 1 V 


90S CR"! 

zyj \p) 


PI 17R- ii'ji-iQKlfj 1. '> 
r I J / o, VdliaDie V'y : 


Nl 1-106 


04 Sfi 49 OR 
yj'-T JO T-z,.oo 


— ^1 10 

oo J 1 I. J Aj 


14.99 


—0.26 


BO V 


290 (13) 




N 1 1 - 1 07 


04. 's'; "^9 00 

\)^ JJ jz.yu 


(^(x 19 11 1 
— OO jZ J I . j 


15 00 


14 


R 1 9 _l_*i'ji-K/ R 

oi-z -f-ediiy-iD 


rSinary ^orszj 




Nl 1-108 


04. "^7 00 'il 

u^ J / uy. J 1 


(^fx 99 1 1 R 
— OO ZZ 1 I .o 


15 04 


—0 18 


09 5 V 


306 (15) 




Ml 1 1 no 
IN 1 i - i uy 


04. 's'; 4.0 1 

u^ J J ^y. I u 


(^fx 97 10 1 

— OO z / jy. I 


15 07 


10 


BO 5 lb 


300 (15) 




Nl 1-1 10 


04. <;7 T7 11 
K)^ J 1 J / . 1 1 


(^(x 91 Azl 7 
— OO ZJ / 


15 08 


—0 05 


B 1 III 


90R Clzll 

zyo v'^T-j 




Nl 1-1 1 1 


04. Sfi OS R(i 

UH- JO UJ.OU 


fif^ 91 S4. R 

— ou Z 1 JH-.O 


15 11 


—0 24 


Bl 5 III 


9RS noi 

ZOJ V*^"/ 




Nl 1-112 


04. Sfi SR SO 

UH- JO JO.JU 


f,f, 19 zll 

— ou JZ H-J.O 


15 12 


—0 1 1 


Bl Vn 


Binary 




Nl 1-1 13 


04. S(S 4.(S 79 

UH- JO to. / Z 


— ou zy 1 1 .H- 


15 13 


—0 26 


BO 5 III 


Dllldiy 


early ri-type companion 


Nl 1-114 


04. S7 ^^7 f>Q 
Ut- J / J / .oy 


f,f, OA ASK S 

— ou ZH- H-O.J 


15 15 


—0 21 


BO Vn 


296 (6) 


vaiiable Vj. 


Nl 1-1 15 


04. S7 A'X Of^ 


f,f, 94. 10 A 
— OU Zt JO.U 


15 15 


14 


Bl III 


90Q CI 01 
zyy l,iuj 




Nl 1-1 16 


04. SS '>A RO 
VJt JJ j4-.oU 


/^f^ 97 4.1 R 
— OO LI 1 1 .0 


15 16 


—0 07 


B2 III 


90S CRI 

zyj yis) 




Nll-117 


04 57 44.46 


-66 23 59.2 


15.21 


-0.19 


Bl Vn 


291: (6) 


variable u,-? 


Nll-118 


04 56 44.30 


-66 23 04.8 


15.21 


-0.17 


B1.5 V 


Binary (SBl) 




Nll-119 


04 55 49.45 


-66 26 03.5 


15.22 


-0.21 


B1.5 V 


Binary (SB 2) 




Nll-120 


04 57 15.22 


-66 22 29.5 


15.24 


-0.12 


B0.2 Vn 


Binaiy 




Nll-121 


04 56 44.52 


-66 30 03.3 


15.24 


-0.19 


Bl Vn 


299: (4) 




Nl 1-122 


04 56 28.76 


-66 28 47.1 


15.27 


-0.27 


09.5 V 


289 (10) 




Nll-123 


04 56 50.50 


-66 28 23.1 


15.29 


-0.25 


09.5 V 


295 (11) 




Nll-124 


04 56 18.63 


-66 28 37.2 


15.34 


-0.21 


B0.5 V 


Binary (SBl) 





f: Fuither notes on individual stars 

Nl 1-023 & Nl 1-057: These two stars are unresolved in the charts of^anduleak Q969) and together were identified Sk— 66°24. 

Nl 1-048: Blended with Parker 3209, which together likely comprise Sk-66"33. 

Nl 1-092: Blended with another star in the WFI image, which together comprise Sk— 66° 19. 
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Table 7; NGC 2004: Observational p arameter s of ta rget st ars. The cro s s-refer ences i n the final col- 
umn are to Sanduleak (1969. Sk), Robertsorf fT97l R74). IBrevsacheil fMIl Brey), IWalEt (T9871) 
and Martayan et al. i 2006, MHF). All spectral types are those of the authors, excepting NGC 2004-057 
(Brey 45), taken from Smith ^^^1192^ Photometry for the first eight stars comes from lArdeberg et aT] 
119721) andlBalona & Jerzv kiewiczl 119931) . as described in the enatum. 



ID 


a(zOOO) 


y/TAAA\ 

0(2000) 






B — V 


Sp. Type 






Comments 


NGC 2004-001 


05 30 07.07 


— 67 15 43.3 


3.54 


1 1.46 


0.05 


Al la 


314 


(6) 


Sk— 67*^ 143; Ha — > variable or var. em. 


NGC 2004-002 


05 31 12.82 


—67 15 08.0 


3.79 


1 1.60 


0.09 


A3: lab 


295 


(2) 


Sk— 67° 155; FLAMES-UVES target 


NGC 2004-003 


05 30 40.40 


—67 16 09.0 


1.09 


12.09 


—0.06 


B5 la 


309 


(12) 


R74-C01; binary? 


NGC 2004-004 


05 31 27.90 


—67 24 43.9 


8.79 


1 1.95 


0.00 


B9 la 


322 


(8) 


Sk— 67° 157 


NGC 2004-005 


05 29 42.61 


—67 20 47.5 


6.60 


1 1.93 


0.04 


B8 la 


313 


(10) 


Sk— 67° 137 


NGC 2004-006 


05 30 01.22 


—67 14 36.9 


4.59 


12.01 


0.07 


A2 lab 


313 


(3) 


Sk— 67° 141 


NGC 2004-007 


05 32 00.76 


—67 20 22.6 


8.39 


12.04 


—0.03 


B8 la 


310 


(10) 


Sk— 67° 171 


NGC 2004-008 


05 30 40.10 


—67 16 37.9 


0.61 


12.43 


—0.03 


B9 la 


305 


(10) 


R74-B01 


NGC 2004-009 


05 31 52.98 


—67 12 15.4 


8.61 


12.47 


O.OI 


A I lab 


308 


(4) 




NGC 2004-010 


05 29 21.72 


—67 20 1 1.0 


8.13 


12.60 


—0.15 


B2.5 lab 


296 


(12) 


Sk— 67° 133 


NGC 2004-011 


05 31 03.75 


— 67 21 20.1 


4.69 


12.64 


—0.13 


B 1 .5 la 


309 


(12) 


Sk— 67° 154 


NGC 2004-012 


05 30 37.48 


— 67 16 53.7 


0.43 


13.39 


—0.20 


B 1 .5 lab 


305 


(12) 


R74-B09 


NGC 2004-013 


05 30 46.55 


— 67 19 39.8 


2.50 


13.40 


—0.17 


B2 11 


289 


(10) 


R74-D13; Ha — > Vj. variable or var. em. 


NGC 2004-014 


05 30 44.47 


— 67 21 01.5 


3.81 


13.43 


—0.12 


B3 lb 


306 


(12) 




NGC 2004-015 


05 29 1 1.46 


—67 15 24.4 


8.76 


13.48 


—0.20 


B 1 .5 11 


Binaiy (SBl) 




NGC 2004-016 


05 30 40. 1 1 


—67 18 59.1 


1.75 


13.54 


—0.05 


B9 lb 


296 


(5) 


R74-D18 


NGC 2004-017 


05 30 46.59 


—67 14 21.7 


2.94 


13.55 


0.56 


G2 






FLAMES-UVES target; foreground 


NGC 2004-018 


05 31 02.69 


—67 20 49.8 


4.20 


13.58 


0.57 


G8: 






FLAMES-UVES target; foreground 


NGC 2004-019 


05 30 44.62 


—67 18 37.9 


1.46 


13.60 


—0.20 


09.5 Illn 


318 


(12) 


R74-D16 


NGC 2004-020 


05 30 53.80 


— 67 15 48.8 


1.94 


13.61 


—0.13 


B 1 .5 11 


Binary (SBl) 




NGC 2004-021 


05 30 42.01 


— 67 21 41.4 


4.46 


13.67 


—0.14 


B 1 .5 lb 


311 


(12) 




NGC 2004-022 


05 30 47.37 


— 67 17 23.4 


0.71 


13.77 


—0.17 


B 1.5 lb 


300 


(12) 


R74-B30 


NGC 2004-023 


05 30 58.01 


— 67 18 14.8 


1.99 


13.91 


—0.08 


B2 (Be-Fe) 


311 


(6) 


Ha — str. em. 


NGC 2004-024 


05 29 53.99 


— 67 17 22.2 


4.46 


14.07 


—0.15 


B 1 .5 llln 


356 


(7) 




NGC 2004-025 


05 30 00.73 


— 67 21 56.4 


6.05 


14.17 


—0.16 


B2 (Be-Fe) 


305 


(8) 


Ha — str. em. 


NGC 2004-026 


05 30 36.35 


— 67 17 42.9 


0.60 


14.18 


—0.17 


B2 11 


Binary (SBl) 


R74-B15; Ha — shell star 


NGC 2004-027 


05 29 34.53 


— 67 11 56. 1 


8.26 


14.18 


—0.1 1 


BOe 


282 


(5) 


Ha & He6678 variable Vj. or var. em.? 


NGC 2004-028 


05 31 32.59 


— 67 16 40.3 


5.09 


14.26 


—0.19 


B2 11 


311 


(6) 




NGC 2004-029 


05 3 1 00. 1 1 


— 67 14 59.2 


2.96 


14.27 


—0.20 


B1.5e 


322 


(10) 


Ha — str. em. 


NGC 2004-030 


05 30 1 1.03 


— 67 22 57.1 


6.37 


14.28 


—0.23 


BO. 2 lb 


Binary (SBl) 




NGC 2004-03 1 


05 30 38.77 


— 67 20 23.9 


3.16 


14.29 


—0.16 


B2 11 


Binary (SBl) 




NGC 2004-032 


05 30 37.30 


— 67 10 34.0 


6.68 


14.30 


—0.14 


B2 11 


305 


(7) 




NGC 2004-033 


f\C '^Ct iL{\ 

05 29 32.69 


— 67 17 05.0 


6.52 


14.31 


—0.18 


B1.5e 


309 


(6) 


Ha — twin em., var 


NGC 2004-034 


05 30 28. 1 1 


— 67 15 16.7 


2.28 


14.40 


—0.1 1 


B1.5e 


310 


(6) 


Ha — twin em. 


NGC 2004-035 


05 30 37.16 


— 67 15 44.3 


1.53 


14.40 


—0.02 


Bl: (Be-Fe) 


312: (4) 


Ha — twin em. 


NGC 2004-036 


05 29 20.73 


— 67 17 54.8 


7.70 


14.43 


—0.22 


B 1 .5 111 


308 


(12) 




NGC 2004-037 


05 30 26.38 


— 67 09 00.8 


8.33 


14.45 


—0.10 


B2e 


270 


(4) 


Ha — twim em, variable v^l 


NGC 2004-038 


05 31 22.14 


— 67 17 39.1 


4.07 


14.46 


—0.24 


BO. 7 V 


290 


(6) 




NGC 2004-039 


05 30 27.22 


— 67 13 27.6 


3.98 


14.47 


—0.1 1 


B1.5e 


310 


(6) 


Ha — wk twin em 


NGC 2004-040 


05 30 07.27 


— 67 14 23.3 


4.27 


14.49 


0.07 


A7 11 


292 


(3) 




NGC 2004-041 


05 30 32.64 


— 67 15 25.9 


1.95 


14.52 


—0.14 


B2.5 111 


Binary (SBl) 


MHF98013 


NGC 2004-042 


05 31 1 1.98 


— 67 23 14.3 


6.74 


14.53 


—0.18 


B2.5 III 


294 


(10) 




NGC 2004-043 


05 30 38.74 


— 67 15 13.2 


2.02 


14.58 


—0.16 


B 1 .5 111 


333 


(12) 




NGC 2004-044 


05 29 33.98 


— 67 18 06.9 


6.45 


14.60 


—0.22 


B1.5: 


Binary (SB2) 


Similar temperature secondary; MHF83937 


NGC 2004-045 


05 30 50.19 


— 67 14 47.6 


2.63 


14.60 


—0.18 


B2 III 


Binary (SBl) 




NGC 2004-046 


05 30 42.96 


— 67 16 43.5 


0.58 


14.64 


—0.19 


B 1 .5 III 


312 


(12) 


R74-B50 


NGC 2004-047 


05 30 13.54 


— 67 14 27.3 


3.79 


14.70 


—0.21 


B2 111 


Binary (SBl) 


MHF 103207 


NGC 2004-048 


05 3 1 47.04 


— 67 17 54.6 


6.49 


14.70 


—0.20 


B2.5e 


307 


(7) 




NGC 2004-049 


05 30 06.19 


— 67 14 32.9 


4.24 


14.71 


—0.24 


02-3 lll(f * ) + OB 


Binary (SB2) 




NGC 2004-050 


05 30 43.07 


— 67 17 43.9 


0.57 


14.71 


—0.19 


B2.5 111 


Binary (SBl) 


R74-B24 


NGC 2004-05 1 


05 30 53.44 


— 67 17 10.6 


1.28 


14.73 


—0.19 


B2 111 


308 


(12) 


R74-C16 


NGC 2004-052 


05 32 06.28 


— 67 19 49.2 


8.70 


14.75 


—0.23 


B2 111 


291 


(10) 




NGC 2004-053 


05 30 43.79 


— 67 15 22.6 


1.89 


14.75 


—0.21 


BO. 2 Ve 


303 


(14) 


Ha — em. 


NGC 2004-054 


05 31 46.38 


— 67 13 28.9 


7.41 


14.76 


—0.20 


B2 III 


Binary (SBl) 




NGC 2004-055 


05 30 14.55 


— 67 15 27.2 


3.05 


14.76 


—0.17 


B2.5 HI 


309: (8) 


Ha — complex, in-filled from em. 


NGC 2004-056 


05 30 35.92 


— 67 11 08.5 


6.11 


14.84 


—0.04 


B1.5e 


300 


(4) 


Ha — twin em. 


NGC 2004-057 


05 31 34.37 


— 67 16 29.4 


5.28 


14.85 


—0.51 


WN4b 






Sk— 67° 160; Brey 45 


NGC 2004-058 


05 30 05.13 


— 67 18 45.8 


3.71 


14.86 


—0.20 


09.5 V (N str) 


303 


(10) 




NGC 2004-059 


05 30 45.92 


— 67 18 24.4 


1.29 


14.86 


—0.20 


B2 III 


Binary (SBl) 


R74-D 1 7 


NGC 2004-060 


05 30 32.94 


— 67 1 1 22.5 


5.91 


14.86 


—0.14 


B2 111 


295 


(7) 




NGC 2004-061 


05 29 15.96 


—67 19 45.4 


8.51 


14.88 


—0.25 


B2 111 


312 


(12) 




NGC 2004-062 


05 31 10.97 


— 67 22 51.4 


6.36 


14.90 


—0.23 


BO. 2 V 


319: (8) 




NGC 2004-063 


05 30 34.49 


— 67 17 34.9 


0.65 


14.93 


—0.15 


B2 111 


311 


(8) 


R74-C08 


NGC 2004-064 


05 31 19.11 


— 67 16 54.7 


3.77 


14.96 


—0.22 


B0.7-B1 111 


310 


(12) 




NGC 2004-065 


05 30 13.10 


— 67 21 06.5 


4.67 


14.96 


—0.19 


B2.5 III 


306 


(7) 




NGC 2004-066 


05 30 27.78 


— 67 17 22.8 


1.21 


14.96 


—0.16 


B1.5 Vn 


308 


(6) 




NGC 9004 067 


AC OA '\A (.A 


— U / It HJ.U 


2 54 


14 96 


—0 08 


B 1 5e 


284 


(5) 


oa — Lwiii, ivinriui jju 


NGC 2004-068 


05 30 23.00 


-67 08 53.6 


8.51 


14.97 


-0.08 


B2.5 111 


281 


(10) 




NGC 2004-069 


05 30 12.15 


-67 10 19.7 


7.42 


14.99 


-0.24 


B0.7 V 


332 


(6) 




NGC 2004-070 


05 31 03.61 


-67 16 07.7 


2.52 


15.01 


-0.22 


B0.7-B1 III 


310 


(12) 




NGC 2004-071 


05 31 31.31 


-67 11 33.3 


7.53 


15.05 


-0.23 


B1.5 III 


298 


(9) 




NGC 2004-072 


05 29 50.50 


-67 15 10.4 


5.22 


15.08 


-0.22 


B1.5 V 


Binary (SBl) 




NGC 2004-073 


05 30 55.73 


-67 18 48.6 


2.17 


15.08 


-0.20 


B2III 


304 


(12) 


R74-D12 


NGC 2004-074 


05 30 29.03 


-67 22 52.8 


5.74 


15.08 


-0.19 


B0.7-B1 V 


Binary (SBl) 




NGC 2004-075 


05 30 53.42 


-67 18 03.7 


1.52 


15.08 


-0.18 


B2III 


289: (11) 


R74-D10 


NGC 2004-076 


05 30 20.65 


-67 08 41.2 


8.76 


15.08 


-0.08 


B2.5 III 


Binary (SBl) 




NGC 2004-077 


05 29 16.94 


-67 20 33.8 


8.70 


15.09 


-0.29 


B0.5 V 


296: (6) 




NGC 2004-078 


05 31 31.33 


-67 15 05.9 


5.38 


15.09 


-0.20 


B2III 


Binary (SBl) 





continued on next page 
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Table 7: continued 



ID 


rvf9000^ 


;^C90()0^ 




Y 


B — V 


Sp. Type 






INOL, ZUU'4— U/V 


OS 10 40 7S 


fn 1 1 41 


5 5 1 


15 09 


Q 


B2 III 


Dindry ^k3l3l^ 




Mnr^ ooozi owo 


AS TO (^1 


f^7 1 A 1 7 ft 
— / 1 J / . 


4 1 


15 11 


21 


B2 5 in 


313 (10) 




MnP OOAzl o« 1 


AS 90 S9 

zy jz.oo 


A7 1 Si 1 4 A 


4-. Do 


1 s 1 1 
1 j.i 1 


9A 
— U.ZU 


Bl V 


908 

zyo [^6) 




Mnr' if\f\A oso 


OS 10 90 17 

uj ju zu. j / 


fn 90 ss 4 


4 1 S 


15 11 


IQ 

— u.iy 


■Rl S V 
Dl.J V 


10s ■ ii\ 




NHP 9004 OS'^ 


ns 10 98 4^^ 


fn n 00 


1 16 


15 11 


—0 11 


Bl 5* e 


Dllldry l^oD 1 ) 


R74 ri99* T^ru — t\inn 
jx/t-L/zz, nc* — iwiii 




AS 11 OS Al 


fn 90 OA 1 
— / ZU UU. J 


3 85 


15 14 


Q 21 


B 1 5 III 


IO/; no\ 






AS 90 SA 19 

zy jo.jz 


^ 55 5 


4 29 


15 14 


Q 


B2 5 III 


10s ■ ^^fw 






AS 1A SS A9 


;^7 1 4 04 8 


3 60 


15 15 


—0 20 


B2 III 


312 (10) 




NP.r 9004. 0S7 


AS 11 01 97 
V/J J 1 u 1 .z / 


;^7 90 08 7 

— U / ZU Uo. / 


3 55 


15 15 


—0 20 


Bl 5 V 


316 (12) 




Mnr 9004 OSS 
iNkji^ zum— uoo 


OS 10 S7 IS 


—67 15 14 3 


2 58 


15 15 


—0 18 


B2 5 III 


307' (5) 


Mf» \4194 Hntn 
i>IO AM-IZH- (Jala 


NTJP 9004 OSO 


OS 10 48 IS 


(^7 91 S8 
— 0/ Zi Jo.O 


4 80 


15 16 


—0 14 


B2 5e 


304' (9) 


HcK ^ twin 


Mnr' 90O4 OQO 

iNUl^ zuif4-uyu 


OS 9Q 99 11 

\jj zy zz.ji 


AT 1 *^ 40 1 


7 S4 


1 s 1 7 
ij.i / 


98 

— u.zo 


OQ S TTT 
Vjy.J 111 


110 nf\ 

JlU {_i-0) 




MnPOOOi 0Q1 

IN zuiw-uy i 


OS 9Q 14 19 


fl 1 S 1 Q 


f 71 


1 s 1 7 


99 
— u.zz 


Bl 5 TTT 


110 ^'l9^ 
JlU ^.iz^ 




Mnr'oooA 009 
iNkji.. zui>+-uyz 


OS 10 94 OS 


fl 1 9 Af 8 
— 0/ IZ 'l-O.o 


4 70 
/U 


1 s 1 a 

ID.lo 


oil 

— u.i 1 


B2e 


104' /'s^ 


H-CK — twin 


Mr;p 9004 001 


AS 90 9A 11 

\)j zy zw.jj 


^;7 1 Q 04 1 

— D / ly u^. J 


7 92 


15 19 


Q 21 


B3 III 


987- fQ\ 




Mr;r^ 9004 004 


AS 11 00 97 


(=.7 1 S 99 1 
— / 1 J ZZ. J 


3 37 


15 20 


() J9 


B2 5 III 


Binary 




Mr;r^ 9004 oo'^ 


AS 1A SO 99 




2 51 


15 20 


Q J9 


Bl 5 V 


287 (8) 




Mrir' 9004 OOA 


AS 1A 90 OS 


^-j 15 5'^ 5 


1 67 


15 21 


—0 09 


B 1 5e 


117- ('A\ 
J 1 / . (,4) 


rdo: — twin 


Kjnr 9004 007 


OS 10 1 1 9 1 


ft7 08 40 4 


8 95 


15 24 


—0 20 


B2 III 


908 rio^ 
zyo l,iu_) 


variable v 


N'nP9004 OQR 


OS 1 1 00 10 


fi7 1 OS 
— / ly uj.y 


2 69 


15 24 


Q J^g 


B2 in 


987* n\ 




Mnr' 9004 OQO 


OS 11 1 S9 


90 SS 7 

— 0/ ZU J J. / 


S OQ 


1 S Of 
1 j.ZO 


Q 21 


B2 m 


9Q9' il\ 

zyz. 




NfrP 9004-1 on 


OS 90 90 80 


—67 1 S 99 1 


6.88 


15.29 


—0.18 


Bl Vn 


298: (6) 




NnP9004 101 


OS 10 48 91 


—67 17 13 


78 


15 30 


—0 18 


B2 in 


100* CI 0^1 


R74-B28 


MPP 9004 1 09 
INOl.- ZUU^-IWZ 


AS 1 1 OA 91 


fn 1 04 A 


2 26 


15 30 


Q Jg 


B2 III 


Binary 




MPP 90A4 1 Al 


AS 1A 9A f<X 


f^7 1 1 4A 7 


4 03 


15 30 


Q J2 


B2 III 


101 Cl 1\ 




MPP 90A4 1 A4 


AS 90 1ft 7A 


A7 1 9 07 
— / 1 Z U / . 


7 83 


15 31 


{) ig 


Bl 5 V 


IAI ■ ff\ 
Jul . \o) 




MPP 90A4 1 AS 


AS 1A 1 A 90 


A7 1 8 49 1 
— / 1 ^Z. J 


3 75 


15 31 


Q 1 1) 


B 1 5 V 


907- fl\ 

zy / . 1, /) 




Mr;p 9 004 1 c\fiL 


AS 1A 90 4Q 

\}j j\j zy.^-y 


f.7 1 f. Af A 


1 14 


1 s 1 1 
1 J.J 1 


Q 


B2 III 


107 1* 1 1 \ 


P74 T^91- Wnll-fit- 4 

uzj, waiKer 4- 


■MnP9004 107 


OS 11 4S 11 


fl 91 01 8 
— 0/ ZJ Ul.o 


8 SI 


1 S 19 
1 J. JZ 


9S 
— U.Zj 


■RO S V 
DU.J V 


Dinary ^ou 1 _) 




■MnP9004 lOfi 


OS 10 1 8 1 S 


fl 1 9 S8 A 
— 0/ IZ JO.O 


A If 
't-. /O 


1 S 19 


Q 2J 


B2 5 m 


90^; /"I o^ 
zyo ^iu_) 




■MnP9004 10Q 


OS 9Q 1 1 OS 

u J zy i 1 .u J 


fl 1 a SQ 9 

— 0/ io jy.z 


8 78 
0. /o 


1 S 19 
1 J. JZ 


90 

— U.ZU 


■R9 S TTT 
DZ.j 111 


908- C1 1 1 
zyo. i.iij 


\yfHT77Q101 
ivi rl r / y ju 1 


NflP 9004 1 1 


OS 10 SO 48 


67 1 18 4 
— / lU Jo.t 


6 67 


15 32 


—0 19 


B2 m 


zyo. 




MPP 9004 1 1 1 


AS 19 OS 74 


— 67 15 58 1 


8 35 


15 39 


—0 21 


B2 5 III 


310 (10) 




NGC 2004-112 


05 32 04.73 


-67 19 03.7 


8.36 


15.39 


-0.19 


B2 III 


307 (8) 




NGC 2004-113 


05 30 53.86 


-67 16 54.4 


1.36 


15.39 


-0.17 


B2.5 lUn 


293: (7) 


R74-D08 


NGC 2004-114 


05 30 47.87 


-67 24 45.4 


7.55 


15.43 


-0.18 


B2in 


298 (11) 




NGC 2004-115 


05 31 04.64 


-67 18 35.1 


2.72 


15.44 


-0.19 


B2e 


Binary (SBl) 


Ha — twin+central abs 


NGC 2004-1 16 


05 30 23.58 


-67 10 41.7 


6.74 


15.44 


-0.12 


B2ni 


309 (13) 


Ha => variable or var. em. 


NGC 2004-1 17 


05 30 29.14 


-67 09 51.2 


7.46 


15.47 


-0.14 


B2in 


305 (10) 




NGC 2004-1 18 


05 31 17.28 


-67 18 42.5 


3.87 


15.52 


-0.21 


B1.5 V 


Binary (SBl) 




NGC 2004-1 19 


05 31 14.65 


-67 11 59.8 


6.21 


15.53 


-0.20 


B2in 


309 (14) 
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Table 8: Comparison of current classifications w ith pu blished spectral types . 
Sources of classifications ar e W77 ( IWalbonJl977h; FB80 jpeast & Blackll980h: 



CJF85 ('Carney et al."l985|); NMC iNieme la et al."l986'): G87 taarmanv et al, 
1987); MPG (Massev et al]|l989l) : F91 (pitzpatrick 1991); P92 ( Parke r etal 
1,992); L93 dLennon et al.Hl993h ; M95 jMassev et alJI 19951); G96 dGrebel et al . 
1996); L G96 (classifications f rom Lennon. given bv lCrebel et al.ll 19961); HMO O 
Tnevdari- Malaveri et alj[2000l . who adopt identifica tions from WoollevlJl963 ): 
WOO dWalbom et al.ll2000l); L03 fcennon et alj2003h: EH04 (lEvans et alj2004 ). 



ID 


Alias 


FLAMES 


Published 


NGC 346-001 


AzV 232/Sk 80 


07 Iaf+ 


07 Iaf+ [W77]; 07 If [MPG 789] 


NGC 346-004 


AzV 191 


Be (Bl:) 


B extr [G87] 


NGC 346-007 


MPG 324 


04 V((f+)) 


04-5 V [NMC]; 04 V((f)) [MPG]; 04 ((f)) [WOO] 


NGC 346-008 


AzV 224 


Ble 


Bl III [G87] 


NGC 346-009 


MPG 845 


BOe 


09.5 V [MPG] 


NGC 346-010 


AzV 226 


07 IIIn((f)) 


07 III [G87] 


NGC 346-012 


AzV 202 


Bl lb 


Bl III [G87] 


NGC 346-014 


2dFS#1425 


AO II 


AO (lb) [EH04] 


NGC 346-015 


AzV 217 


Bl V+? 


Bl III [M95]; Bl-3 (II) [EH04: 2dFS#I357] 


NGC 346-016 


2dFS#5100 


B0.5 Vn +? 


BO-3 (III) [EH04] 


NGC 346-020 


2dFS#1259 


Bl V+early-B 


BO-3 (III) [EH04] 


NGC 346-021 


2dFS#5099 


Bl III 


Bl-3 (III) [EH04] 


NGC 346-022 


MPG 682 


09 V 


08 V [MPG] 


NGC 346-023 


MPG 178 


Be (B0.2:) 


08-8.5 V:: [MPG]; BO: (IV) [EH04: 2dFS#5097] 


NGC 346-025 


MPG 848 


09 V 


08.5 V [MPG] 


NGC 346-026 


MPG 12 


BO IV (Nstr) 


09.5 V [MPG]; 09.5-BO V (N str) [WOO]; 09.5 III [EH04: 2dFS#1299] 


NGC 346-028 


MPG 113 


OC6 Vz 


06 V [MPG]; 0C6 Vz [WOO, the source of the type adopted here] 


NGC 346-029 


MPG 637 


BO V+? 


BO V [MPG] 


NGC 346-030 


2dFS#5098 


BO V+? 


B0.5 (V) [EH04] 


NGC 346-034 


MPG 467 


08.5 V 


08 V+neb [MPG] 


NGC 346-035 


2dFS#1418 


Bl V+? 


Bl-5 (II) [EH04] 


NGC 346-036 


MPG 729 


B0.5 Ve 


BO+neb [MPG] 


NGC 346-039 


2dFS#1262 


B0.7 V 


Bl-3 (III) [EH04] 


NGC 346-043 


MPG 11 


BO V 


BO V [MPG] 


NGC 346-047 


2dFS#1189 


B2.5 III 


Bl-5 (III) [EH04] 


NGC 346-050 


MPG 299 


08 Vn 


09 V [MPG] 


NGC 346-051 


MPG 523 


07 Vz 


07 V+neb [MPG] 


NGC 346-056 


MPG 310 


BO V 


09.5 V [MPG] 


NGC 346-061 


2dFS#1277 


Be (Bl-2) 


Bl-5 (II)e [EH04] 


NGC 346-063 


2dFS#1413 


AO II 


AO (II) [EH04] 


NGC 346-075 


2dFS#1389 


Bl V+? 


Bl-3 (IV) [EH04] 


NGC 346-077 


MPG 238 


09 V 


BO: [MPG] 


NGC 346-084 


2dFS#1296 


Bl V 


BO-5 (IV) [EH04] 


NGC 330-002 


R74-A02 


B3Ib 


B5 I [FB80]; B6 I [CJF85]; B4 lab/b [L93]; B5 I [G96]; B4 lb [L03] 


NGC 330-003 


2dFS#1183 


B2Ib 


B2.5 (lb) [EH04] 


NGC 330-004 


R74-B37 


B2.5 lb 


B5 I [FB80]; B5 I [CJF85]; B3 lb [L93]; B2.5 (lb) [EH04: 2dFS#5090] 


NGC 330-012 


Arp211 


AO lb 


AO I [CJF85] 


NGC 330-013 


AzV 186 


08 III ((f)) 


07 III [G87]; 08 III((f)) [EH04: 2dFS#1230]] 


NGC 330-017 


2dFS#1171 


B2II 


Bl-3 (II) [EH04] 


NGC 330-018 


R74-B30 


B3 II 


B6I [CJF85];B2II [L93] 


NGC 330-020 


2dFS#1232 


B3 II 


B3 (II) [EH04] 


NGC 330-021 


2dFS#1242 


B0.2 III 


B0.5 (IV) [EH04] 


NGC 330-022 


2dFS#1062 


B3 II 


B3 (II) [EH04] 


NGC 330-024 


2dFS#1034 


B5 lb 


B5 (II) [EH04] 


NGC 330-025 


2dFS#1224 


B1.5e 


B2 (II) [EH04] 


NGC 330-028 


2dFS#1195 


Bl V 


B2 (III) [EH04] 


NGC 330-029 


2dFS#5093 


B0.2 Ve 


BO-3 (Ill)e [EH04] 


NGC 330-031 


2dFS#5088 


B0.5 Ve 


B0.5 (IV) [EH04] 


NGC 330-033 


2dFS#5094 


B1.5 V 


BI-5 (II) [EH04] 


NGC 330-036 


R74-B32 


B2II 


B2 III [L03] 


NGC 330-037 


2dFS#1058 


A2II 


AO (II) [EH04] 
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ID 


Alias 


FLAMES 


Published 


NGC 330-038 


2dFS#1206 


Bl V 


Bl-2 (III) [EH04] 


NGC 330-039 


2dFS#1109 


BOV 


B0.5 (V) [EH04] 


NGC 330-040 


2dFS#1041 


B2in 


Bl-2 (HI) [EH04] 


NGC 330-041 


2dFS#1241 


BOV 


BO (V) [EH04] 


NGC 330-045 


2dFS#5087 


B3 III 


Bl-5 (III) [EH04] 


NGC 330-046 


2dFS#1293 


09.5 V 


BO (V) [EH04] 


NGC 330-047 


2dFS#1190 


Bl V 


Bl-3 (III) [EH04] 


NGC 330-051 


2dFS#1276 


B1.5 V 


Bl-5 (III) [EH04] 


NGC 330-052 


2dFS#1152 


08.5 Vn 


08 V [EH04] 


NGC 330-061 


2dFS#1118 


AO II 


AO (II) [EH04] 


NGC 330-073 


2dFS#1087 


B8Ib 


B8 (II) [EH04] 


NGC 330-104 


2dFS#1037 


BO: V 


BO-5 (IV) [EH04] 


NGC330-118 


2dFS#1013 


Bl-2 


Bl-2 (V) [EH04] 


NGC 330-121 


R74-B38 


A5 II 


Al I [FB80] 


NGC 330-123 


R74-B18 


09.5 V 


BO Ve [L93]; 09 IlWe [LG96] 


NGC 330-124 


R74-B28 


B0.2 V 


BO Ve [L93]; B0.2 Ille [LG96] 


NGC 330-125 


R74-B13 


B2in 


B2 Ill/IVe [L93]; B2 Ill/IVe [LG96] 


Nl 1-001 


Sk-66°36/P3252 


B2Ia 


B2 I + neb [F91]; B2 II (Hwk) [P92] 


N 11-002 


Sk-66°27/P1062 


B3 la 


B2.5-3 la [F91];B4 la [P92] 


Nl 1-003 


P3157 


Blla 


BClIa(Nwk)[P92] 


Nll-OlO 


P1310 


09.5 m-l- Bl-2: 


BO V [P92] 


Nll-013 


P3223 


08 V 


08.5 IV [P92] 


Nll-015 


Sk-66°37/P3271 


B0.7 lb 


Bl II (Hwk) [P92] 


Nll-016 


Sk-66°26/P1036 


Bl lb 


B 1.5 la (Nwk) [P92]; Bl III [M95] 


Nl 1-018 


P3053 


06 ii(r ) 


05.5 1-111(1) [P92] 


Nl 1-022 


Sk-66°20 


06.5 11(f) 


06 III [M95] 


Nl 1-023 


P1014 


B0.7Ib 


B0.5 II (blend?) [P92] 


Nl 1-028 


P3264 


06-8 V 


03-6 V (ZAMS in Nil A) [P92] 


Nl 1-031 


P3061 


0N2 in(r ) 


03 ni(r) [P92]; 02 ni(r) [W02]; ON2 ni(r) [W04, adopted here] 


Nl 1-032 


P3168 


07 11(f) 


07 11(f) [P92] 


Nl 1-033 


P1005 


BOmn 


BO III [P92] 


Nl 1-034 


P1332 


B0.5 m 


B0.7 II [P92] 


Nl 1-037 


P1052 


Bom 


B0.2 ni [P92] 


Nl 1-038 


P3100 


05 Il(f-h) 


06.5 V((f)): [P92] 


Nl 1-042 


P1017 


BO III 


BO III [P92] 


N 11-048 


P3204 


06.5 V((f)) 


06-7 V (ZAMS) [P92] 


Nl 1-049 


PlllO 


07.5 V 


07.5 V [P92] 


Nl 1-050 


P3224 


04-5 + 07: 


06 ni (blend?) [P92] 


Nl 1-059 


PI 125 


09 V 


08.5 V [P92] 


Nl 1-060 


P3058 


03 v((r)) 


03 V((f*)) [P92]; 03 V((r)) [W02, adopted here] 


Nl 1-063 


Wo597 


09: Vn 


09 V [HMOO] 


Nl 1-065 


PI 027 


06.5 V((f)) 


06.5 V((f)) [P92] 


Nl 1-069 


P1037 


Bl in 


B1.5n[P92] 


Nl 1-070 


P3239 


B3in 


B2 V [P92] 


Nl 1-074 


P1028 


B0.5e 


08-9: III: [P92] 


N 11-079 


P3128 


B0.2 V 


09.5 IV [P92] 


Nl 1-080 


P3173 


07: V + 09: 


04-6 V [P92] 


Nl 1-087 


P3042 


09.5 Vn 


09.5: III: [P92] 


Nl 1-088 


PI 160 


Bl m 


Bl V [P92] 


Nl 1-099 


Wo622 


B0.2 V 


09.7 III/B0.2 V [HMOO] 


Nll-lOO 


P3270 


B0.5 V 


Bl V [P92] 


Nll-101 


P3033 


B0.2 V 


B0.2 IV [P92] 


Nll-105 


P1378 


Bl V 


Bl V [P92] 


NGC 2004-001 


Sk-67°143 


Al la 


B7 la-l- [F91] 



30 



C. J. Evans et al: FLAMES Survey of Massive Stars: LMC & SMC clusters 



Fig. 13. FLAMES targets in the NGC 346 field. Due to crowding in th e core of the cluster 346-007, 034, 079, 086, 111, and 115 
are not labelled. Each of these is included in the lMassev et al. I il989h study and the reader is referred to their finding charts for 
these stars. 



Fig. 14. FLAMES targets in the NGC 330 field. T he five additional UVES targets (nos. 121-125) are not included, the reader is 
directed to the finding charts bv lRobertsonI (119741) . 



Fig. 15. FLAMES targets in t he Nil field. The nine additional UVES targets are not included, the reader is directed to the finding 
charts by lParker etalT(ll992h . 



Fig. 16. FLAMES targets in the NGC 2004 field. 



Fig. 17. O-type (open blue cu-cles) and B-type (gold) FLAMES & UVES targets in the Nl 1 field 
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Appendix A: Detailed record of observations 

Following the detailed discussion of numerous binaries in this paper, for completeness we also include the Modified Julian Dates 
(MJD) of each of our observations in Tables IA.1IIA.2IIA.3I and lA.4l 

Table A.l. Modified Julian Dates (MJD) of the NGC 346 FLAMES observations. The Giraffe wavelength settings (e.g. HR02) 
and central wavelengths (Ac) are given. The exposure time for each observation was 2275s, excepting HR06/#08, for which it 
was 2500s. 



Giraffe 
setting 


Ac 


# 


MJD 


HR02 


3958 


01 


52954.135894 


HR02 


3958 


02 


52954.162910 


HR02 


3958 


03 


52954.189858 


HR02 


3958 


04 


52955.089567 


HR02 


3958 


05 


52955.116573 


HR02 


3958 


06 


52955.143518 


HR03 


4124 


01 


52981.045452 


HR03 


4124 


02 


52981.072478 


HR03 


4124 


03 


52981.099430 


HR03 


4124 


04 


52981.132751 


HR03 


4124 


05 


52981.159698 


HR03 


4124 


06 


52981.186653 


HR04 


4297 


01 


52989.130391 


HR04 


4297 


02 


52989.157348 


HR04 


4297 


03 


52989.184302 


HR04 


4297 


04 


53005.048810 


HR04 


4297 


05 


53005.075776 


HR04 


4297 


06 


53005.102733 


HR05 


4471 


01 


52978.115490 


HR05 


4471 


02 


52978.142443 


HR05 


4471 


03 


52978.169401 


HR05 


4471 


04 


53006.047328 


HR05 


4471 


05 


53006.074344 


HR05 


4471 


06 


53006.101307 


HR06 


4656 


01 


52926.086233 


HR06 


4656 


02 


52926.138196 


HR06 


4656 


03 


52926.165224 


rlKUo 


40JO 


04 




HR06 


4656 


05 


52926.230394 


HR06 


4656 


06 


52988.111039 


HR06 


4656 


07 


52988.155055 


HR06 


4656 


08 


52988.183316 


HR14 


6515 


01 


52922.133208 


HR14 


6515 


02 


52922.177677 


HR14 


6515 


03 


52922.204633 


HR14 


6515 


04 


52922.240118 


HR14 


6515 


05 


52922.267069 


HR14 


6515 


06 


52922.308471 


HR14 


6515 


07 


52925.152684 


HR14 


6515 


08 


52925.179646 


HR14 


6515 


09 


52925.206601 
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Table A.2. Modified Julian Dates (MJD) of the NGC 330 FLAMES observations. The Giraffe wavelength settings (e.g. HR02) 
and central wavelengths (Ac) are given. The exposure time for each observation was 2275s, excepting HR02/#06 (1743s); 
HR05/#05 (2221s); HR04/#06 (1900s). 



Giraffe 


Ac 


# 


MJD 


setting 








HR02 


3958 


01 


52831.335190 


HR02 


3958 


02 


52831 362917 


HR02 


3958 


03 


52831 389880 


HR02 


3958 


04 


52833.343405 


HR02 


3958 


05 


52833 380020 


HR02 


3958 


06 


52833 407722 


HR02 


3958 


07 


52834.272660 


HR02 


3958 


08 


52834 310219 


HR02 


3958 


09 


52834.338165 


HR03 


4124 


01 


52832.306332 


HR03 


4124 


02 


52832.334079 


HR03 


4124 


03 


52832.361042 


HR03 


4124 


04 


52832.389991 


HR03 


4124 


05 


52832.417687 


HR03 


4124 


06 


52833.431610 


HR03 


4124 


07 


53571 338966 


HR03 


4124 


08 


53571 365957 


HR03 


4124 


09 


53571.392904 


HR03 


4124 


10 


53575.350926 


HR03 


4124 


11 


53575.377924 


HR03 


4124 


12 


53575 404861 


HR04 


4297 


01 


52835.365846 


HR04 


4297 


02 


52835.392841 


HR04 


4297 


03 


52835 419862 


HR04 


4297 


04 


52839.383749 


HR04 


4297 


05 


52839 410778 


HR04 


4297 


06 


52839 435562 


HR05 


4471 


01 


52836 311151 


HR05 


4471 


02 


52836 338693 


HR05 


4471 


03 


52836.365649 


HR05 


4471 


04 


52836.406499 


HR05 


4471 


05 


52836 433197 


HR05 


4471 


06 


52837 228526 


HR05 


4471 


07 


52837.255493 


HR05 


4471 


08 


52837.282458 


HR05 


4471 


09 


52837 409609 


HR05 


4471 


10 


52839.296100 


HR05 


4471 


11 


52839.323059 


HR05 


4471 


12 


52839.350034 


HR06 


4656 


01 


52834 365133 


HR06 


4656 


02 


52834 400818 


HR06 


4656 


03 


52834.428742 


HR06 


4656 


04 


52837.320664 


HR06 


4656 


05 


52837.347739 


HR06 


4656 


06 


52837.375036 


HR14 


6515 


01 


52829.311413 


HR14 


6515 


02 


52829.339117 


HR14 


6515 


03 


52829.366074 


HR14 


6515 


04 


52830.302236 


HR14 


6515 


05 


52830.329997 


HR14 


6515 


06 


52830.356985 
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Table A.3. Modified Julian Dates (MJD) of the Nil FLAMES observations. The Giraffe wavelength settings (e.g. HR02) and 
central wavelengths (Ac) are given. The exposure time for each observation was 2275s. 



Giraffe 


Ac 


# 


MJD 


setting 








HR02 


3958 


01 


52928.313905 


HR02 


3958 


02 


52928.340935 


HR02 


3958 


03 


52928.367887 


HR02 


3958 


04 


52978.209107 


HR02 


3958 


05 


52978.236069 


HR02 


3958 


06 


52978.263031 


HR03 


4124 


01 


52978.298954 


HR03 


4124 


02 


52978.325913 


HR03 


4124 


03 


52978.352876 


HR03 


4124 


04 


52979.120168 


HR03 


4124 


05 


52979.147117 


HR03 


4124 


06 


52979.174080 


HR04 


4297 


01 


52979.209306 


HR04 


4297 


02 


52979.236270 


HR04 


4297 


03 


52979.263219 


HR04 


4297 


04 


52979.297524 


HR04 


4297 


05 


52979.324479 


HR04 


4297 


06 


52979.351427 


HR05 


4471 


01 


52980.104396 


HR05 


4471 


02 


52980.131349 


HR05 


4471 


03 


52980.158315 


HR05 


4471 


04 


52980.193917 


HR05 


4471 


05 


52980.220880 


HR05 


4471 


06 


52980.247825 


HR06 


4656 


01 


52980.282525 


HR06 


4656 


02 


52980.309565 


HR06 


4656 


03 


52980.336517 


HR06 


4656 


04 


52981.222102 


HR06 


4656 


05 


52981.249059 


HR06 


4656 


06 


52981.276019 


HR14 


6515 


01 


52924.309781 


HR14 


6515 


02 


52924.336804 


HR14 


6515 


03 


52924.363751 


HR14 


6515 


04 


52955.178138 


HR14 


6515 


05 


52955.205160 


HR14 


6515 


06 


52955.232125 
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Table A.4. Modified Julian Dates (MJD) of the NGC 2004 FLAMES observations. The Giraffe wavelength settings (e.g. HR02) 
and central wavelengths (Ac) are given. The exposure time for each observation was 2275s, excepting HR06/#06 (1468s). 



Giraffe 


Ac 


# 


MJD 


setting 








HR02 


3958 


01 


52982.201147 


HR02 


3958 


02 


52982.228098 


HR02 


3958 


03 


52982.255044 


HR02 


3958 


04 


52988.219081 


HR02 


3958 


05 


52988.250594 


HR02 


3958 


06 


52988.277546 


HR03 


4124 


01 


53005.136738 


HR03 


4124 


02 


53005.163753 


HR03 


4124 


03 


53005.190706 


HR03 


4124 


04 


53005.221334 


HR03 


4124 


05 


53005.248354 


HR03 


4124 


06 


53005.275313 


HR04 


4297 


01 


53006.135301 


HR04 


4297 


02 


53006.162257 


HR04 


4297 


03 


53006.189220 


HR04 


4297 


04 


53008.047982 


HR04 


4297 


05 


53008.075016 


HR04 


4297 


06 


53008.101980 


HR05 


4471 


01 


53008.163059 


HR05 


4471 


02 


53008.190005 


HR05 


4471 


03 


53008.216952 


HR05 


4471 


04 


53009.161824 


HR05 


4471 


05 


53009.188777 


HR05 


4471 


06 


53009.215739 


HR06 


4656 


01 


53012.095573 


HR06 


4656 


02 


53012.122595 


HR06 


4656 


03 


53012.149545 


HR06 


4656 


04 


53012.183447 


HR06 


4656 


05 


53012.210458 


HR06 


4656 


06 


53012.232744 


HR14 


6515 


01 


52955.266266 


HR14 


6515 


02 


52955.293277 


HR14 


6515 


03 


52955.320221 


HR14 


6515 


04 


52989.259276 


HR14 


6515 


05 


52989.286232 


HR14 


6515 


06 


52989.313190 



C. J. Evans et al.: FLAMES Survey of Massive Stars: LMC & SMC clusters 



35 



Erratum 



Incorrect photometry was given for a total of ten bright stars in Tables 6 and 7. These targets were saturated in the Wide Field 
Imager (WFI) frames and should have been replaced with published values as given bel ow in Table|A.5l Values for the two stars 
in Nil are taken from Parker et al. (1992). NGC 2004-003 and NGC 2004-008 are from lBalona & Jerzvkiewic3(ll993b . with the 
remaining six from lArdeberg et al]ll972i) . The only consequence of these changes for the published version is the position of 
these stars in the Hertzsprung-Russell diagrams in Figure 12. These were used for a qualitative discussion of the populations in 
each FLAMES field - because of the difference in reddenings the two apparently massive stars in Nl 1 (with log(Toft) ~ 4.2 and 
4.3) will have lower luminosities, therefore corresponding to lower-mass evolutionary tracks. 



Table A.5. Replacement photometry for bright stars in Tables 6 and 7 of the published version. These values have been corrected 
in Tables 6 and 7 of the replacement astro-ph copy. 



ID 


a (2000) 


5 (2000) 


V 


B-V 


NII-OOI 


04 


57 08.85 


-66 


23 


25.1 


11.35 


0.06 


Nil -002 


04 


56 23.51 


-66 


29 


51.7 


11.90 


0.37 


NGC 2004-001 


05 


30 07.07 


-67 


15 


43.3 


11.46 


0.05 


NGC 2004-002 


05 


31 12.82 


-67 


15 


08.0 


11.60 


0.09 


NGC 2004-003 


05 


30 40.40 


-67 


16 


09.0 


12.09 


-0.06 


NGC 2004-004 


05 


31 27.90 


-67 


24 


43.9 


11.95 


0.00 


NGC 2004-005 


05 


29 42.61 


-67 


20 


47.5 


11.93 


0.04 


NGC 2004-006 


05 


30 01.22 


-67 


14 


36.9 


12.01 


0.07 


NGC 2004-007 


05 


32 00.76 


-67 


20 


22.6 


12.04 


-0.03 


NGC 2004-008 


05 


30 40.10 


-67 


16 


37.9 


12.43 


-0.03 



We have also noticed two typographical errors in the published version. The classification for Nl 1-020 should be given in 
Sections 5.5 and 8.2, and Table 6 as 05 I(n)fp. Secondly, in the heading of Table 7, the number in the parentheses after a should, 
of course, read '(2000)'. 



This figure "4988figl3.jpg" is available in "jpg" format from: 
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